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IUTRODUCTIOI
This dissertation is primarily an analysis of fossil spore
assemblages from throughout the vertical extent of the Dunkard strata
in the Appalachian Basin and from selected intervals of the Virgilian,
Gearyan (Wolfcampian), and Cimarronian (Leonardian) Stages of Kansas.
The study was undertaken in an effort to resolve the stratigraphic and paleontologic confusion regarding the PennsylvanianPermian boundary in the Appalachian Basin which began when Israel C.
White collaborated with William M. Fontaine to produce the first
extensive work based on West Virginia fossil plants.

The title of

their book., The Permian or Upper Carboniferous Flora of West Virginia
and Southwest Pennsylvania, set the precedent that has been followed
since the date of its publication (l880).

Just as there is doubt in

the title of their book., so has it remained in most publications re
garding the Dunkard since 1880.

Many workers have used Permian (?)

or Permo-Pennsylvanian (?) or any other conceivable combination of
Pennsylvanian., Permian, question marks, and transitional zones for the
age designation of the Dunkard.
In 1933 the problem was reviewed by Charles David White who
stated the Dunkard Group was definitely Permian, but that Permian
plants invaded the lingering Pennsylvanian assemblages only at
intervals when the climatic conditions were temporarily favorable for
their reception.

At the sametime he reported that were itnot for

the Cassville flora, the entire Dunkard might be classified as
Pennsylvanian in age and thatPermian floras might be found as early
as Conemaugh time.

This was,of course, in agreement with the views
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of I. C. White.
Through the years, a number of papers have seemingly sub
stantiated the Permian age.

Careful scrutiny of these papers,

however, has failed to locate definite statements concerning specific
Dunkard organisms that correlate with the same or similar forms from
undoubted Permian sediments.

It is unfortunate, but most workers

seemingly have regarded the strata as Permian solely because it was
Dunkard and not because of the fossils found therein.

An example of

this is Scudder's 1895 paper on cockroaches in which he does not
attempt to claim or substantiate a Permian age for the sediments,
but which has been cited as proof by others.

Olsen's publication

(1955) on Permian reptilian faunas relies upon history for the age
relationships.

The same is true of Moran's (1952) and Romer's (1952)

papers on tetrapods in the Dunkard.

In general, the fauna'papers

have relied heavily upon early paleobotanies! work to prove the Permian
age.
In the present study, the literature which is pertinent to
the 90 year old controversy is re-evaluated and related to the data
now available and a positive opinion is presented on the age of the
strata; not one lost in question marks, and not one based upon
history, but one that is founded upon the available evidence.
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TEE DUNKARD DESCRIBED; USE OF NAME
The Dunkard Group is the youngest division of rocks in the
Appalachian area.

The group was named by Dr. Israel C. White (1891 )

and is described in his report submitted in July., I89 O to the
Honorable J. W. Powell, then Director of the U. S. Geological Survey."'
The series was named for Dunkard Creek, a stream flowing eastward into
the Monongahela River in the southwestern corner of the State of
Pennsylvania.
White described the group as beginning with the roof shales
of the Waynesburg coal and extending upward to the top-most beds of
the Appalachian region.

His original description (1891 , p. 20) is

as follows:
"The uppermost beds are found at the headwaters of Dunkard
Creek, a large stream which heads near the West VirginiaPennsylvania line, on the eastern slope of the watershed
separating the Ohio and Monongahela River drainage system,
and flowing eastward puts into the Monongahela two miles above
Greensboro, Greene County, Pennsylvania, and four miles north
from the West Virginia line. This stream flows over PermoCarboniferous rocks from its source to the point at which it
leaves the West Virginia line at Mount Morris, Pennsylvania,_
a distance of more than thirty miles, furnishing very fine
exposures of those rocks along its banks and bluffs; hence, the
geographical name (Dunkard Creek) which I have given the
series."
White's (p. 20-21) general description of the geographic
occurrence and lithographic nature of the strata is as follows:
"These deposits occupy a rather limited area in the Appalachian
field, being found in only two counties (Greene and Washington)
of Pennsylvania, with the exception of small isolated patches
in Fayette, Westmorland, and Allegheny. In Ohio there is a
larger area of them bordering the Ohio River through the
counties of Belmont, Monroe, Washington, Athens, Meigs, and
Gallia. But it is in West Virginia that we find the principal
belt of these beds, for there they cover a wide region border
ing the Ohio River between the Pennsylvania line at the north
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and the Great Kanawha River on the south, as the accompanying
map shows.
The character of the rocks varies greatly in different por
tions of this area. At the northeastern end of the field, in
Washington County, Pennsylvania, limestones seem to predominate
in thickness over the gray shales, sandstones, and thin coal
beds with which they are there interstratified. But southwestward the limestones and coals gradually disappear, so that in
Jackson County, West Virginia, no regular coal beds are found,
and only one limestone (the Nineveh) remains. The limestones
continue in considerable number in Greene, Ohio, Marshall, and
Monongalia Counties, and the northern part of Wetzel County,
but southward from this line they rapidly disappear, with the
single exception noted. The coal beds all die out with the
disappearance of the limestones, except one (the Washington),
which seems to extend beyond the Little Kanawha River before it
passes out of the series.
As the limestones and thin coal beds gradually fade out to
the southwest, red shale, a variety of rock almost unknown in
Washington County, Pennsylvania, gradually comes into the section
in thin beds at first, but finally extends throughout the whole
series, and forms nearly one-half its thickness, thus making a
broad band of red soil from the Pennsylvania line southwestward
to the Great Kanawha River.
This increase in red shale beds is accompanied by an increase
in the number and massiveness of the sandstone rocks, so that
the topography gradually becomes greatly different from that
found in Washington County, Pennsylvania. There the surface is
gently rolling, the valleys broad, and the hills rounded, with
no deep gorges or precipitous slopes, the abundance of limestone
rendering the soil so highly fertile that the region has long
been famed as one of the finest grazing and agricultural districts
in the Union. But toward the southwest, while the soil remains
very fertile, owing to a large quantity of marly material in the
red shales, yet the thickening up of the sandstone beds makes
the valleys narrow and the lower portion of the hills often
precipitous, the arable land being confined largely to the
ridges, so that the soil is better adapted to grazing than tillage.
In many cases the massive sandstones crop out along the ridges
which they have protected from erosion, forming narrow "hogbacks",
from which the surface falls away rapidly on each side. Another
peculiarity of these beds is that the sand rocks contain no
pebbles except near the base of the series, since above the
Waynesburg sandstone no pebbles larger than coarse sand grains
have ever been seen by the writer in all of the 1 ,0 0 0 feet of
deposits, except at a single locality on the Parkersburg and
Staunton turnpike, along the dividing ridge between Ritchie and
Gilmer Counties, West Virginia, where locally the Marietta
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Sandstones, 1^0 feet above the Washington coal, thicken up
into a very coarse conglomerate, filled with quartz pebbles."
Dr. White further describes his "Dunkard Series" in 1903
(p. 101 -102 ) as follows:
"As exhibited in West Virginia, the rocks of this series
consist of a succession of brown and gray sandstones, inter
stratified with much red shale, many beds of limestone, and
several thin, impure, and unimportant coal beds, the entire
series being slightly gypsiferous throughout, though no
accumulations of gypsum have taken place owing probably to the
absence of any considerable thickness of limestone beds.
In Ohio and northern Marshall counties, like Greene and
Washington of Pennsylvania, this series holds less red shale
and a greater proportion of limestone and gray limy shales
than farther to the southwest. The coal beds are also more
numerous, and the sandstones less massive, the whole result
ing in a gently rolling topography, finely adapted to grazing
and agriculture, except along the immediate gorges of the
streams.
As we pass south-westward, however, the coal beds all
disappear except one (the Washington) before we reach the
Little Kanawha River, and the Limestones with one or two
exceptions thin away into great masses of marly red shales
holding only nuggets of lime, while the sandstones thicken
up, and, capping the ridges in long lines of cliffs, often
make a rugged topography better fitted for grazing and fruit
culture than for agriculture. When the massive sandstones
disappear from the ridges or uplands, however, there fre
quently occur limited areas of beautiful, rolling lands which
yield abundant crops, the red marly shales being quite fertile
from the disseminated limestone nuggets.
The soils formed by the disintegration of the Dunkard beds
have the reputation of producing a fine quality of wool in
which the fiber is peculiarly firm and strong, so that its
area is often known as the "sheep belt" of West Virginia,
since probably 90 per cent of the sheep raised in the state
are grown upon the outcrops of the Dunkard series. These
rocks occupy a belt about b0 -6 0 miles in width bordering the
Ohio river, and extending east from the same over portions or
all of the following named counties: Ohio, Marshall, Wetzel,
Tyler, Monongalia and Marion (west of the Monongahela river),
western Harrison and Lewis, Doddridge, Pleasants, Wood, Wirt,
Ritchie, Calhoun, Gilmer, Roane, Jackson, and the uplands of
Mason and southern Putnam, but tailing out into a narrow belt,
which soon overshoots even the highest hills of Wayne, a short
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distance east from the Big Sandy river at the Kentucky
boundary."
I. C. White in 1899 was still using "Dunkard Creek" series
when he cited (p. 210) the Dunkard as "Dunkard Creek Series., PermoCarboniferous or Permian, Ho. XVI, of Rogers".

In 1903 he deletes

the word Creek from the series name and uses, without explanation,
the shortened version, "Dunkard Series".

In this work (p. 100) he

titles a chapter "The Dunkard Series, No. XVI, Permian, or PermoCarboniferous".

In 1908 he returns to use of "Dunkard Creek Series"

(p. 6 8 8 ) when he titles a chapter "The Dunkard Creek Series.
Lower Dyas."

Permian,

In 1910, however, (p. 350) he again returns to "Dunkard

Series" by heading a chapter "The Dunkard Series.

Permian, Lower

Dyas".
Meanwhile, G. P. Grimsley, Assistant State Geologist, West
Virginia Geological and Economic Survey in 1907 (p* ^-3) used the
shortened version "Dunkard Series" and misquotes (p. ^3) I* C. White
(1891 , p. 20) by deleting the word "Creek" from the quotation.

This,

it should be noted, was during a time when Dr. White had accepted use
of "Dunkard Series" (see above).

Grimsley again used "Dunkard Series"

in his report of 1910 (p. Ul) and once more it should be noted that
at this time Dr. White had again abandoned

Dunkard Creek

and

returned to "Dunkard" (see above).
The misquote by Grimsley continued in exactly the same way
in subsequent publications by the West Virginia Geological and
Economic Survey in which the Dunkard strata were involved.

Several

of the misquotes may be seen in Hennen, 1909 (p. 12 ^), Hennen, 1911
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(p. 12h), Hennen, 1912 (p. 132), and Hennen and Reger, 1913 (p*

16U).
The present writer has been unable to locate any reference
where I. C. White officially changed the name he had given the series.
He obviously changed his mind about it at times, but finally settled
on "Dunkard Series" rather than "Dunkard Creek Series".

During the

entire period of time in which the above cited misquotes were made,
I. C. White was State Geologist of West Virginia and it seems unlikely
that the men of his staff would have escaped his watchful eye and made
the change unbeknownst to him.

It also seems unlikely they would have

even been interested in doing so.

The writer therefore concludes that

"Dunkard Series" was the name preferred by I. C. White and therefore
used by his staff, presumably with his approval.

But whether with or

without his approval, the non-Creek version has survived and been
thoroughly entrenched in the literature.

The name "Dunkard Creek" is

considered obsolete.
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DEPTH OF BURIAL OF DUNKARD STRATA
The metamorphic effects on coal of original overburden are
discussed in considerable detail by Heck, 19^3•

That the fixed-

carbon content of coal does increase in the more deeply buried coals
was apparently first noted by H. D. Rogers in 18^3 (Heck, 19^3; P1199)*

According to Heck, Carl Hilt pointed out the relationship

more precisely in 1873 and 187 ^ and, as a result, the increase in
the rank of coal with stratigraphic depth is often referred to as the
"Law of Hilt" or "Hilt's Law".

Also, Hilt is credited by Heck with

recognizing that, if the rank of coal increased with stratigraphic
depth, it would also increase in the direction of the original
thickening of the overlying formations.
Heck states also that in 1897 J* P* Lesley "proposed that
the regional change in the rank of coal in Pennsylvania (including
anthracite) was due to the higher-rank coal having been buried more
deeply.

Lesley pointed out that the coal-bearing formations thickened

toward the anthracite region and suggested that the Permian may have
been much thicker over the anthracite basin than in the western part
of the state...Lesley also pointed out that differences in original
overburden could easily explain why "disturbed" Eelgian coals are not
anthracites and why Arkansas anthracites are not "disturbed"."
Numerous studies cited by Heck (p. 1200) in various coal
fields show that in any local section the fixed-carbon content of
bituminous coals increases at a rate of 0 -5 to 0 .8 unit per 100 feet
of stratigraphic depth.

He states (p. 1200) that Reeves in 1928

"showed that the fixed-carbon increased in the Appalachian area at
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an average rate of 0 .6 9 unit per 100 feet of (stratigraphic) depth.
This value is very close to the rate of 0.6 predicted by David White
(1913)^. and Reeves used 0.6 in all his calculations".

Heck con

sidered the general increase in fixed-carbon content with original
stratigraphic depth in any vertical section to be an established fact.
Applying these figures to the Dunkard, the depth of burial
for the uppermost strata would have been somewhere between 5^000 an<i
9,000 feet.

Probably about 7>500 feet is a reasonable figure (this

utilizes 0 .6 unit per 100 feet of stratigraphic depth and present
fixed-carbon of b5 percent).

The k5 percent figure was arrived at

by extrapolating from data given by Headlee and Rolting (19 ^0 ).
I. C. White (1891 , p. 20) estimated the thickness of those
rocks that have "wasted away...be reckoned by the thousand and
probably by the 10,000 feet".

His smaller estimate appears to be

valid under present knowledge.
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GEHERAL STRATIGRAPHY
Stratigraphic correlation has always presented a very diffi
cult problem to workers in the Dunkard Easin.

In some instances it

has proven to be virtually impossible to pinpoint a specific strati
graphic position.

Good outcrops are hard to find in many areas and,

in the interval between outcrops, the lithology often changes com
pletely even though the interval remains constant.

The stratigraphy

is, in general, a monotonous sequence of sandstones, shales and siltstones, that are interrupted occasionally by thin coals and limestones,
all presumably being of continental origin.

The only coal in the

Dunkard series of commercial importance

isthe Washington coal and it

has not been mined extensively.

ofthe other coals is pri

Mining

marily restricted to small cuts in hillsides where coal has been taken
out for private use.
The following is a generalized section of the Dunkard Group
in West Virginia (from Hennen and Reger 1913j P* 165 -l66 ) and is pre
sented here to familiarize the reader with the nomenclature generally
applied to the various beds and as used

inthe present report.

Dunkard Group
Thickness
Feet
Sandstone, flaggy, Upper Proctor
Shale
Sandstone, Middle Proctor
Shale
Sandstone, massive, green, micaceous, Lower
Proctor
Shale, red and variegated
Limestone, Windy Gap
Sandstone, massive, St. Cloud
Shale, sandy

Total
Feet

uo
15
25
10

Uo
55
80
90

25
35
5
20
1

115
150
155
175
179
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-

Coal, shaly, Windy Gap, 3" to
Fire clay, shale, red and variegated with
layers of limestone and sandstones
Sandstone, massive, Gilmore
Coal, Gilmore
Limestone, Gilmore
Shale, variegated and red, with thin sand
stones
Limestone, Upper Rockport
Sandstone, Taylor
Limestone, Middle Rockport
Sandstone and shale, buff and red
Coal, Nineveh "A", 3" to
Limestone, Lower Rockport
Shale, brown and variegated
Sandstone, massive, coarse and brown, Nineveh
Shale
Coal, Nineveh
Fire clay and limy shale
Limestone, Nineveh
Shale, variegated and red
Sandstone, massive, Burton
Coal, Hostetter
Shale, sandy with thin sandstones
Sandstone, massive, Fish Creek
Coal, Fish Creek
Fire clay, shale, Fish Creek
Shale, sandy and red with thin sandstones
Sandstone, massive, Rush Run
Shale, sandy
Coal, Dunkard
Fire clay, and shale, red, sandy and variegated
Sandstone, Jollytown
Coal, Jollytown (position of the Hundred coal
of the present report)
Fire Clay
Limestone, Upper Washington
Shale, limy
Sandstone, Hundred
Coal, Hundred (position of the Jollytown coal
of the present report), 5" to
Fire clay and red and variegated shale
Sandstone, Upper Marietta
Coal, Washington "A"
Shale, red, Creston
Limestone, Middle Washington
Sandstone, Lower Marietta
Limestone, Lower Washington

Thickness
Feet

Total
Feet

1

l80

80
1
1

260
290
291
292

93
5
30
5

385
390
k20
k23

30

29

l
5
15
25
k

k55

1
10

505
515

5
30
29

550
579

k6o
1+75
500
50k

520

1

580

6o
3k

6ko

1

675

67 k

5

680

29

709
73k
739

25
9
1
29
20
1
1
k
5

7to
769

789
790
791
795

3k

800
83 k

1

835

3k

869
919
920
980

50
1

6o
5

985

ko

1025
1027

2
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Coal, Washington
Pire clay, shale, Washington
Limestone, Bristol
Sandstone, Washington
Coal, Little Washington
Shale
Sandstone, Mannington, Waynesburg "B" coal
horizon near middle
Shale
Coal, Waynesburg "A"
Fire clay and shale
Limestone, Mt. Morris
Shale
Sandstone, coarse, brown and pebbly, Waynesburg
Limestone, dark, flaggy, Elm Grove
Shale, dark, sandy with fossil plants, Cassville

Thickness
Feet

Total
Feet

3

1030
101+0
101+2
1052

10
2
10
1

1053

7

1060

*+5
1+

1105

1

3
2
12

1109
1110

1113
1115
1127
1172

1+5
3
5

1175
Il80

3-5

II85

Top of Monongahela Group
Coal, Waynesburg

An explanation of the reversal of the Jollytown and Hundred
coal positions in the above section seems warranted at this time.
This has been discussed at some length by Clendening, i960 (p. 59-60,
66 -67 , 7 8 -79 ^ and 91 -9 2 ) but will be briefly reiterated here.

As late as 1963 there remained a problem involving who had
named the Jollytown coal as well as where it was located strati
graphically.

Dr. John J. Stevenson, in his Report K (1876 , p. 1+8)

states that "from twenty to seventy-five feet below the Upper
Washington limestone there is a persistent little coal, which Mr.
White, in his notes on C-ilmore Township, of Greene County,
Pennsylvania has named the Jollytown Coal”. I. C. White (1891 , p. 3*0 j
fifteen years after the above statement by Stevenson reported, "the
coal was named by Professor Stevenson from a village in Greene County,
Pennsylvania".

In this report White moved the position of the
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Jollytown coal to above the Upper Washington limestone on the belief
that he had traced the outcrops of this limestone from Washington,
Pennsylvania to West Virginia.
impossible feat.

This, in the writer's opinion, is an

Stevenson, in 1907, in Part IV of his Carboniferous

of the Appalachian Basin, again placed the Jollytown coal below the
Upper Washington limestone and stated that White's complete notes
(which were thought to have been destroyed by fire) had been available
for study and were consulted before returning the Jollytown to its
original position.
For the above reason, the stratigraphic position of the
Jollytown coal was accepted by Clendening (i960, p. 59) &s being below
the Upper Washington limestone as it occurs at the type locality at
Jollytown, Pennsylvania.

Subsequent study of the fossil spores by

Clendening (i960) has verified the position as reported by Stevenson
(1876, 1907).
Dr. I. C. White, in 1891 , published an incomplete section
in which he called a coal above the Upper Washington limestone the
Jollytown and consequently, has caused the Hundred coal to be
correlated as a lower coal throughout the years (Clendening, i960 ,
p. 9l)• The Hundred coal as named by Ray V. Hennen (1909; P* 215)
appears to be correlative with the Boyd coal of Stevenson (1907 ) and
undoubtedly belongs above the Upper Washington limestone.
In 1963 while searching for papers to be included in West
Virginia Geology, Archeology, and Pedology, A Bibliography and Index,
Gillespie and Clendening found I. C. White's original notebook
referred to by Stevenson (1876).

On page 176 of the notebook the
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problem is resolved., once and for all.

White uses the name Jollytown

coal and calls it the most important coal above the Brownsville (now
Washington).

He states, "it corresponds to a small coal found 25'

below Limestone Ho. 1 at Waynesburg which is 2k0' above the
Brownsville".

Limestone Ho. 1 as used here by White is the Upper

Washington limestone.

The reader is referred to the general section

above which shows 2b0 feet (the same as given in White's notebook) for
the interval between the Washington coal and the Upper Washington
limestone.

The notebook is in the vault of the WTest Virginia

University archives and is assigned no. 797*

It is now obvious that

White (1 89 1 ) was wrong and Stevenson (1876 and 1907) was correct
regarding work that was done in the field by White.
Berryhill and Swanson (1 9 6 2 ) revised the formation and
member nomenclature of the Dunkard strata while working in south
western Pennsylvania.

They have created a Waynesburg Formation which

includes all the strata from the base of the Waynesburg coal (the coal
has previously been the uppermost bed of the Monongahela Group) to the
base of the Washington coal.

This is indeed a useful and workable

stratigraphic unit which lends itself well to geologic mapping over
a rather large area.

The question arises, however, if they were

justified in removing the Waynesburg coal from the Monongahela Group.
If this same reasoning is continued downward in the section, the Upper
Freeport coal will have to be removed fron the Allegheny Group and
assigned to the Conemaugh as its basal bed.

The present writer is

not in disagreement with Berryhill and Swanson, he is simply present
ing a question.
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The Washington Formation has been restricted by Berryhill
and Swanson to those strata between the base of the Washington coal
and the top of the Upper Washington limestone (Upper limestone member
of Berryhill and Swanson).

The Greene Formation remains unchanged by

them and includes all strata above the Upper Washington limestone in
the Dunkard basin.
The strata above the Windy Gap limestone has previously been
described only generally because exposures of the rocks (except for
sandstones) are essentially non-existent.

During the course of the

present study, two shallow cores were drilled by personnel of the
West Virginia Geological Survey, then under the directorship of Dr.
Paul H. Price.

These cores were described in detail and are presented

in the present report in Appendix I.

As shown in the general section

above, the top of the Windy Gap limestone has been believed to be
about 150 feet below the uppermost Dunkard strata.

The cores drilled

for the present study penetrated 298 feet of strata before reaching
the Windy Gap limestone.

Therefore, there are approximately 150 feet

of previously undescribed strata in the deepest portion of the Nineveh
syncline in Wetzel County, West Virginia.

The Verna Wykert Farm core

was drilled on the highest knob in the area, essentially on the axis
of the Nineveh syncline, near the lowest structurally enclosed portion
of that structure.

The dip of the strata between the Wykert core and

the Arley Lemasters Farm core (which penetrated the Windy Gap lime
stone) has been carefully plotted from well data and the correlation
is believed to be as accurate as is possible.
The Kansas rock column, that pertains to the present report,
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is presented below.

The names and thickness data were principally

obtained from R. C. Moore and others, 1951*

Series and stage desig

nations are from Zeller, 1 9 6 8 .
Permian System
Upper Permian Series
Custerian Stage (not sampled for this study)
Lower Permian Series
Cimarronian Stage
Nippewalla Group (not sampled for this study)
Sumner Group
Stone Corral dolomite
Ninnescah shale
Wellington formation (about J00 feet thick in outcrop)
The uppermost samples for the present study were
collected from near the base of this formation.
Gearyan Stage (about 7^5 feet thick in outcrop)
Chase Group (thickness is about 335 feet)
Nolans limestone
Odell shale
Winfield limestone
Doyle shale
Barneston limestone
Matfield shale (thickness is 50 to 80 feet)
Blue Springs shale member
Kinney limestone member
Wymore shale member (about 25 feet thick; sampled)
Wreford limestone (30 to l|-0 feet thick)
Schroyer limestone member
Havensville shale member (6 to 18 feet thick; sampled)
Threemile limestone member
Council Grove Group (310 to 330 feet thick)
Speiser shale
Funston limestone
Blue Rapids shale (15 to 30 feet thick; sampled)
Crouse limestone
Easly Creek shale (15 to 20 feet thick; sampled)
Bader limestone
Middleburg limestone member
Hooser shale member
Eiss limestone member (7 to 18 feet thick; sampled
shale within the member)
Stearns shale
Beattie limestone
Morrill limestone member
Florena shale member (3 to l8 feet thick; sampled)
Cottonwood limestone member
Eskridge shale
Grenola limestone
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Neva limestone member (l6 to 2k feet thick; sampled.
lowermost black shale of the member)
Salem Point shale member (6 to 10 feet thick; sampled)
Burr limestone member
Legion shale member
Sallyards limestone member
Roca shale
Red Eagle limestone
Johnson shale
Foraker limestone
Long Creek limestone member
Hughes Creek shale member (20 to ^0 feet thick;
sampled)
Americus limestone member
Admire Group (about 130 feet thick except where Indian
Cave sandstone is present at the base, which itself
is reported to be as much as 250 feet thick).
Hamlin shale
Five Point limestone
West Branch shale (20 to ^0 feet thick; sampled)
Falls City limestone
Hawxby shale
Aspinwall limestone
Towle shale (2 to 17 feet thick; sampled)
Indian Cave sandstone member
Pennsylvanian System
Upper Pennsylvanian Series
Virgilian Stage (about 1,200 feet thick)
Wabaunsee Group (thickness about 500 feet)
Richardson Subgroup (about 1^0 feet thick)
Brownville limestone
Pony Creek shale (5 "to 50+- feet thick; sampled)
Caneyville limestone
French Creek shale
Jim Creek limestone
Friedrich shale
Grandhaven limestone
Dry shale
Lover limestone
Langdon shale
Maple Hill limestone
Pierson Point shale (^ to 25 feet thick; sampled)
Nemaha Subgroup (thickness about l60 feet)
Tarkio limestone
Willard shale
Elmont limestone
Harveyville shale
Reading limestone
Auburn shale
Wekarusa limestone
Soldier Creek shale
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Burlingame limestone
Sacfox Subgroup (thickness about 200 feet)
Silver Lake shale (1)- to ^5+ feet thick; sampled)
Rulo limestone
Cedar Vale shale
Happy Hollow limestone
White Cloud shale
Howard limestone (8 to ^0 feet thick)
Utopia limestone member
Winzeler shale member
Church limestone member
Aarde shale member (2 to 15 feet thick; sampled)
Bachelor Creek limestone member
Severy shale
Shawnee Group (thickness about 325 feet)
'Topeka limestone
Calhoun shale (10 to b-5 feet thick; sampled)
Deer Creek limestone
Ervine Creek limestone member
Larsh-Burroak shale member (2.5 to 7 feet thick;
sampled)
Rock'Bluff limestone member
Oskaloosa shale member
Ozawkie limestone member
Tecumseh shale
Lecompton limestone
Kanwaka shale (to to 1^5 feet thick)
Stull shale member (25 to ^5+ feet thick; sampled)
Clay Creek limestone member
Jackson Park shale member
Oread limestone
Douglas Group (about 250 feet thick)
Lawrence shale (hO to 175 feet thick; sampled near top)
Stranger formation
Missourian Stage (not sampled for this study)
Member names are utilized in the above only to indicate the
relative position of sampled members within a formation.

Many member

names are therefore excluded from the above because they are not
directly related to samples collected and are not needed for clarity.
Detailed descriptions of the various units of the Kansas
rock column are available in Moore and others, 1951

Zeller, 1968 .
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HISTORICAL REVIEW OF THE
NOMENCLATURAL AND AGE
DESIGNATIONS OF THE DUNKARD STRATA
Dr. William Barton Rogers in his "Report of Geological
Reconnoissance of the State of Virginia, 1835" was probably more
of a prophet than he realized when he wrote, "We hold it to be
altogether premature, while the geologists of America are yet only
on the threshold of their researches, to endeavour to establish an
identity of names between our strata and those of Europe.

This

too frequent error, prejudges all the broader and more lofty
generalizations of the science.

In a spirit of caution, therefore,

dictated by the many blunders daily committed in the nomenclature
of our rocks, we shall abstain from giving them a class of European
names, not always indeed applicable in the countries where they are
employed, ..." (l88*+, p. 11*0.
The above statement was made in Dr. Rogers' first report
concerning the then little known "Great Western Bituminous Coal and
Salt Region" which he described (l88*r, p. 113) as "that enormous
area of nearly horizontal strata which we have designated as the
fifth great geological subdivision of Virginia".

Thus, for the first

time, the coal bearing strata of the Appalachians were assigned a
place in a stratigraphic classification.
In his report for the year 1837 (l88*t-, p. 167 ), Dr. Rogers
initiated a numbering system for "the several Members of the Geo
logical Series belonging to the Region West of the Blue Ridge".
He designated and described eleven such "Members", utilizing simply
"No. l”, "No. 2", etc.

"No. 12" is listed but not described in the
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1837 report.

In the Report of Progress for the year 1838 he has

abandoned the use of "No. 1 % "No. 2", etc. and designates the
"Members" as "Formation I", "Formation II"., etc.

Also, he describes

(l881j-, p. 201-202) "Formation XII" and "Formation XIII" of the
"Appalachian Series".
Formation XII of Rogers is clearly the Pottsville of
northern West Virginia of today and Formation XIII included all
younger strata constituting the "western coal measures" (l88t, p.
202).

He states, "convenience may hereafter require its separation

into two formations" (p. 202).

Formation XIII of Rogers (1839 ) thus

becomes the first stratigraphic nomenclature to specifically include
the Dunkard strata.
Professor C. Briggs, "a gentleman already favourably known
as one of the geologists recently engaged in the survey of the state
of Ohio" (Rogers, 188 U, p. 2 V 7), entered upon his duties as a member
of the Virginia Survey in the beginning of June, 1839*

To Mr. Briggs

was assigned the exploration of that portion of the coal region con
stituting the northwest district of the State, "directing his atten
tion for the present chiefly to the division of the coal bearing rocks
hereafter to be described as the upper coal series, ..." (Rogers,
188 U, p. 2k8).

Mr. Briggs, during the 1839 field season, directed his
attention primarily to those coal basins situated between Hampshire
and Hardy Counties and Chestnut Ridge (then known as Laurel Hill) in
Monongalia County (Rogers, 188^, p. 330).

Sufficient data were

obtained, however, to enable Prof. Rogers to report (l88h, p. 3^ ;
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division of Formation XIII in the Kanawha Valley area into The Lower
Coal Series and The Upper Coal Series with the "boundary being drawn
on the bed now known as the Kanawha Black Flint.

Exactly where the

boundary was drawn in northern West Virginia (then Virginia) between
the Lower Coal Series and the Upper Coal Series is not clear due to
the preliminary nature of the work.

Several analyses of coal from the

Main Seam (now Pittsburgh coal)., Upper Coal Series are given (Rogers.,
l88b, p. klO) so the boundary may well have been drawn at this coal
although no such claim is made in the text.
The year l8Uo saw Mr. Briggs returning to the task of con
tinuing the explorations begun by him during the preceding season,
in the great western coal region of the State.

Dr. Rogers' report

for the year l8k0 contains considerable detail regarding the work in
this region (l88k, p. ^8^-519) and includes further nomenciatural
subdivision of the strata.

Formation XIII is here (l88k, p. k8k)

for the first time divided into four groups.

The first or strati-

graphically lowest of these groups, resting on the coarse sandstone
or conglomerate of Formation XII, was designated as the Lower coal
group. The next higher group, called the Lower shale and sandstone
group, was believed to be destitute of coal or at best to contain
only thin seams of local extent.

In the Kanawha Valley area, the

Kanawha Black Flint (then called simply black flint) was designated
as marking the upper boundary of the Lower coal group and situated
in the base of the Lower shale and sandstone group (l88k, p. b85).
The Upper coal group was the designation given the strata overlying
the Lower shale and sandstone group.

This group was known to contain
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several important coal seams including the "great seam" (Pittsburgh
coal) in the vicinity of Pittsburgh, Wheeling, Clarksburg, Morgantown
and Uniontown (l88h-, p. W35).

Finally, to the strata overspreading

the central portion of the basin, the youngest of the Appalachian
coal measures, Dr. Rogers applied the name Upper shale and sandstone
group (l88t, p. U8 5 ). This latter group is essentially what is today
called Duhkard.
The breakdown is continued (Rogers, l88ir, p. W36-5(A) for
the strata comprising the three lower groups as displayed in the
Monongalia (now Monongahela) Valley.

The section follows Deckers

Creek from the western base of Chestnut Ridge (then Laurel Hill)
to its mouth, thence downstream along the Monongahela River (then
Monongalia River) to the mouth of Scotts Run and thence up Scotts
Run to the outcrop of the Waynesburg sandstone.

This section is yet

today largely exposed and offers an interesting and rewarding oppor
tunity to trace the footsteps of W. B. Rogers and associates.
Formation XIII is restricted to the Lower coal group and
is presented as a synonym (Rogers, 188^, p. ^8 7 ). The beds of the
group ai-e numbered 1 through 18 and clearly define the present Allegheny
group except that Hos. 16 , 17 and 18 are currently including in the
Conemaugh group.
"Formation XIV” is introduced for the first time and used
as a synonym for the Lower shale and sandstone group (l88i)-, p. ^91)The upper limit is precisely that now defined as the upper limit of
the Conemaugh (the base of the Pittsburgh coal) and was unit "Ho. Ul"
of Rogers' Formation XIV (l88h-, p. U9 7 ).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

23

The Upper coal group is assigned the name "Formation XV"
(1881;, p. ^9 8 ) with its basal bed being the "Main Seam of the Upper
Group".

Twenty-six units are described from along Scotts Run with

the uppermost being the sandstone (188^, p. 503 ) now known as the
Waynesburg sandstone.

An additional section of the Upper coal group

is given (l881r, p. 513-516) from near Wheeling.

This section begins

with the Pittsburgh coal and extends upward through No. 26 (Waynesburg
sandstone) of the Scotts Run section and adds
totaling about 130 feet (l881r, p. 516).

3

additional units

This section is said to

embrace "all the beds of the upper coal group".

Unfortunately, the

exact stratigraphic position is not clear, but it probably corresponds
to the horizon of the Lower Marietta sandstone and therefore included
the Washington coal.

It does not reach as high as the Creston red

shale for there is no mention of such.
this report (Rogers, l88 h, p.

No further mention is made in

i+ 1 1 -5 3 5 ) of

the Upper shale and sandstone

group, however, it is listed as Formation XVI in Notes from MacFarlane's
Geological Railway Guide (Rogers, 188U, p. 717)

attributed to use

in the Annual Reports of Rogers.
This then, is how the Dunkard strata was first designated by
members of the First Geological Survey of Virginia and it so remained
until the work of I. C. White, which is treated at some length in the
following pages.
The redoubtable Israel C. White collaborated with William
M. Fontaine to produce the first extensive work on West Virginia
paleobotanical collections (Clendening and Gillespie, 1963 , p. 1^6).
The resulting book, The Permian or Upper Carboniferous Flora of West
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Virginia and Southwest Pennsylvania, published in 1880 has served as
the basis for paleontologic and stratigraphie confusion ever since.
In this work a total of 108 species., of which 78 were thought to be
new, were described from ik localities in five geologic horizons.
Most of these plants had been collected from the roof shales and "seam
partings" of the Waynesburg coal at Cassville, Monongalia County and
West Union, Doddridge County, and from near the Washington coal at
Browns Mill in Monongalia County.

The Doddridge County locality is

now known to be the Uniontown coal according to Stevenson (1907; P*
170) and Cross (1958, p. 192).
Although the title expresses doubt as to the correct age of
the sediments, the author's general conclusion was that the numerous
new species, as well as Callipteris conferta, regarded as an infal
lible indicator of Permian time, constituted proof of Permian age.
Many American geologists regarded the work as inconclusive, but White
stoutly defended the position that the transitional Permo-Carboniferous
started somewhere in the Conemaugh Group and that true Permian sediments
occupied the 1200 feet of strata above the Waynesburg coal.

An unfor

tunate fire at the University of Virginia destroyed the specimens upon
which the work of Fontaine and White was based (Clendening and
Gillespie, 1 9 6 3 , p. 1 U7 ) and additional collections were apparently
not made by them.
Some insight into White's thoughts regarding the age of the
strata may be gleaned from the following:
In 1 8 9 9 , I. C. White (p. 210-211) in summarizing the section
listed "Dnnkard Creek Series, Permo-Carboniferous or Permian, Wo. XVI
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of Rogers. Contains much red shale., some massive sandstones, thin
limestones, and a few thin coal beds—

.

"Monongahela River Coal

Series, No. XV. Permo-Carboniferous flora, fresh •water fauna. Con
tains much limestone, but little red shale; some massive sandstones,
... ; five coal beds, the most important of which, the celebrated
Pittsburg seam at the base of the series ... . "Elk River Series,
or Barren Measures, No. XIV. Holds much red shale and "caving"
material in upper two-thirds; Permo-Carboniferous fauna and flora,
thin limestones, ... ." All emphasis in the preceding citation is
from the original.
The above mentioned "Elk River Series" is the current Cone
maugh Group.

From this it is evident that Dr. White considered much

of the Conemaugh (probably that portion containing red beds) to be
Permo-Carboniferous based not only on the flora but fauna as well.
What Permo-Carboniferous flora he had reference to remains unknown to
this date.

Walchia and Taeniopteris in the Monongahela or Conemaugh

had not yet been discovered in 1&99White states in 1903 (p. 100) that "the dividing line
(between the Dunkard and Monongahela Groups) is drawn
where Permian plants have first been observed in the fossil
flora. Hence, although there is no observable unconformity
between the top of the Monongahela series and the base of
the Dunkard as now defined, yet the existence of a thick,
coarse, conglomeratic sandstone of wide distribution, just
above the Waynesburg coal horizon, denotes a very great
change in physical conditions. It is also quite probable
that considerable erosion took place in some portions of
the Appalachian field during the deposition of this basal
conglomerate of the Dunkard series, and hence, although
there is no appreciable unconformity in the dip of the beds,
there can be no doubt that the currents which brought in the
great deposit of coarse sand and gravel just after the epoch
of the Waynesburg coal, also transported the elements of a
new flora, several species of which are found only in the
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Permian beds of Europe, while others are even near rela
tives of Triassic types."
The present writer does not accept White's statement that
the Waynesburg sandstone "denotes a very great change in physical
conditions".

The characteristics of this sandstone are little, if

any, different from other sandstones in the area, of both older and
younger age.

He also alludes to some slight angular unconformity.

Disconformity of varying magnitude is certainly present, as it would
indeed be expected, but the idea of angular unconformity is not
acceptable.

The statement "there can be no doubt that the currents

which brought in the great deposit of coarse sand and gravel —
also transported the elements of a new flora ... " i s one of fantasy.
In the same paper (p. 119-123) White discusses the Cassville
Plant shale and cites his evidence for Permian age as follows:
"The first and lowest member of the Dunkard series laid
down in immediate contact with the highest bed (Waynesburg
coal) of the Monongahela has been named the CASSVILLE PLANT
SHALE by Prof. Wm. M. Fontaine and the writer, from the
village of Cassville, Monongalia county, seven miles north
west from Morgantown. It varies from 0 to 20 feet in
thickness, and its lowest layer is usually interstratified
with the Waynesburg coal, since a very rich flora as well
as insect fauna occurs in a layer of gray shale 6" - 12"
thick just below the "roof" member of the Waynesburg coal,
and in immediate contact with the main coal stratum.
The first of the new elements discovered in the flora
of the Cassville shale was a fragment of TAEHIOPTERIS picked
up by the writer in 1875 which the keen eye of Prof. Wm. M.
Fontaine at once recognized as a form entirely new to the
Coal Measures, and which was later described in Report PP
of the Pennsylvania Geological Survey under the name of
TAEMOPTERIS LESCURIAHA. Further search by Prof. Fontaine
and the writer led to the finding of TAEWIOPTERIS EEWBERRYAEA,
and the genera PATERA, and SAPORTEA a nearly allied form,
plants unknown in the European flora before the dawn of
Permian time.
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These facts together with the finding of CALLIPTERIS
CONFERTA and other Permian types in the roof shales of
the Washington coal higher up in the Dunkard series, led
Prof. Fontaine and myself to conclude that this whole
series of rocks above the Waynesburg coal should not be
included in the Coal Measures, but that they were of
Permian age, and this opinion was so published in the
Pennsylvania Survey Report PP, 1880, to which the reader
is referred for a full discussion of the evidence, Chapter
III, 1. c. pages 105 to 120.
While European geologists have almost universally
accepted our conclusions, American geologists, for reasons
best known to themselves, have not done so. During the
present year (1902), however, Mr. David White, the eminent
palaeobotanist of the U. S. Geological Survey, and of the
National Museum, has spent several weeks in the field and
in reviewing the collections made from the Cassville shale
by Fontaine and the writer. He concludes, in a paper
announced for the Washington (December, 1902) meeting of
the Geological Society of America, that the Dunkard beds,
at least as far down as the roof shales of the Washington
coal, are of the same age as the LOWER ROTKLEEGENDE of
western Europe, but is not yet fully convinced of the
Permian age of the intervening beds down to and including
the CASSVILLE SHALE, largely on account of the many Coal
Measure types which survive and are found commingled with
the Permian forms.
Mr. David White intends to make a more detailed study
of these beds later, but as he has accepted our main con
tention, viz: the Permian age of the larger portion of the
Dunkard series, it is to be hoped that American geologists
generally will now adopt his opinions, since he has dis
covered much additional confirmatory evidence.
The following letter from Mr. White will show the nature
of the evidence in question:
DEPARTMENT OF THE INTERIOR.
UNITED STATES GEOLOGICAL SURVEY.
WASHINGTON, D. C. DEC. 2k, 1902
DR. I. C. WHITE,
STATE GEOLOGIST;
MORGANTOWN, W. VA.
Dear Sir:
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In reply to your inquiry concerning the results of my
search for Permian species in the Dunkard series during
the past season, I cannot give you a full report, since
the collections are not yet completely identified. The
following species I regard as characteristic of Permian
though some of them may not he confined thereto:
1. CALLIPTERIS CONFERTA STERNB., small variety in
lower Washington limestone, hut normal forms in roof
shales of Dunkard coal.
2. CALLIPTERIS LYRATIFOLIA GOPP. var. CORIACEA P. & W.
The same as SPHENOPTERIS CORIACEA F. & W., Lower Washington
limestone.
3. CALLIPTERIS CURRETIENSIS Zeill., near Nineveh lime
stone.
U. GONIOPTERIS NEWBERRYANA F. & W. = Pecopteris
foeminaeformis (Schloth) Zeill., forma DIPLAZIOIDES
Zeill., from the Permian of Brieve. Cassville shale.
5 . ALETHOPTERIS GIGAS Gutb., near Dunkard coal.

6.

PECOPTERIS GERMARI (Weiss) F. & W., Cassville shale.

7-

0D0HT0PTERIS OEIUSILOBA Naum. , near Dunkard coal.

8. CAULOPTERIS GIGANTEA F. & W. = Ptychopteris
gigantea (F. & W.) Zeill., from the Permian of Brieve,
Cassville.
9.

EQUISETITES RUGOSUS Schimp., Cassville.

10. SPHENOPHYLLUM FOMAINEANUM S. A. Miller, common;
probably identical in Europe.
11. SIGILLARIA APPROXIMATA F. Sc W. In European Permian.
To these might be added the species common to the Coal
Measures and Permian, such as PECOPTERIS CANDOLLEANA, P.
PTEROIDES, P. 0RE0PTERLDIA, etc.
A new and yet undescribed 0D0HT0PTERIS from the Cassville
shale at Mt. Morris, Pa., seems to suggest TAENIOPTERIS
PLAEENSIS Sterzel, but is not that. It, like some of the
types of Mesozoic facies, points toward Permian.
ASTEROPHYLLITES EQUISETIFORMIS and SIGILLARIA BRARDII,
are among species found this summer. The former goes high
up in the Dunkard.
Very truly yours, DAVID WEITE.
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The Permian age of the Dunkard. series is also confirmed
by the existence of practically the same flora in the
Wichita beds of Texas as shown in a paper by the writer
published in the Bulletin of the Geological Society of
America, Vol. III., pp. 217-218, April 22, 1 8 9 2 . In a small
collection from Texas the species of which were identified
by Prof. Wm. M. Fontaine, the genus WALCHIA proved to be the
only form not yet discovered in the Dunkard beds of West
Virginia.
The fossil insects described from the Cassville shale by
Prof. Scudder in Bulletin 12k, U. S. G. Survey, also furnish
additional evidence of Permian age.
A single wing of a fossil insect was found by Fontaine
and White in 1 8 7 6 , and described by Scudder under the name
of GERAELATTINA BALTEATA in Report PP, of the 2nd Geological
Survey of Pennsylvania, l880. The specimen occurred in a
layer of soft gray shale only a few inches thick, on top of
the main body of the Waynesburg coal but just under the
"roof" member of the latter.
Several years subsequently, the late R. D. Lacoe, of
Pittston, Pa., who did such admirable work in collecting
fossil plants from the Coal Measures all over the United
States, sent one of his keenest-eyed collectors, Mr. C. L.
Eakin, of Wadestown, Monongalia Co., W. Va., to make a
thorough exploration of the Cassville locality. Mr. Eakin
spent several months at the work, and discovered fifty-six
(5 6 ) species all of which proved new to science, distributed
among five (5 ) genera. This wealth of fossil insects was
confined entirely to the few inches of gray shale at the
very base of the Dunkard series between the upper division
of the Waynesburg coal, and its thin (6 " to 12") "roof"
member above.
Mr. Lacoe turned over all of the collection made by Mr.
Eakin to Prof. Samuel H. Scudder, of Cambridge, Mass., for
study and description, the results of which are given in
Bulletin Ho. 12h} U. S. G. Survey. The following general
statements concerning the Cassville specimens as well as
those from near Steubenville, 0., given by Prof. Scudder on
page 12 of the Bulletin referred to will explain more fully
the Permain evidence furnished by the fossil insects inquestion:
"The West Virginia locality is at Cassville, Monongalia
Co., not far from Morgantown, and the specimens were found
in rocks lying above the Waynesburg coal, in what is termed
by Prof. I. C. White the Dunkard Creek series, and referred
very positively by him and Prof. Wm. M. Fontaine to the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

30
Permian. Hie blattarian fauna as thus far determined is
unquestionably younger than any known from the Pennsylvania
or Illinois rocks, on which we have hitherto depended
largely for our knowledge, and consists of a vast assem
blage of forms, which will undoubtedly be increased by
further search. They number fifty-six species, belonging
to five genera, the bulk of them (thirty-six species) to
Etoblattina.
The Ohio locality lies at the edge of the township of
Richmond, on Wills Creek, in the near neighborhood of
Steubenville, Jefferson county, and though far less exten
sive and less thoroughly worked than Cassville, has already
yielded twenty-two species belonging to three genera, of
which the larger number (seventeen) belong to Etoblattina
and the others to the genera represented at Cassville by
more than a single species.
It is a curious fact, to which I called partial attention
when first describing some of them, that these species repre
sent for the most part a distinct group of cockroaches of
the genera ETOBLATTIHA and GERABLATTINA, characterized by
great length and slenderness of the internomedian area, by
a remarkable openness of the neuration in the middle of the
tegmina, and by their frequently exceptional length and
slenderness. They comprise, indeed, nearly 75 per cent, of
the species of these two genera at Richmond, and hardly occur
elsewhere excepting at Cassville, where they compose about
25 per cent, of the species of these two genera. The only
occurrence of a similar form in Europe is ETOBLATTIHA
ELOHGATA from the lower Dyas of Weissig, Saxony. The occur
rence of this type of cockroaches is the characteristic
feature of Richmond, and must place this fauna high in the
series, as the stratigraphical evidence itself warrants.
Its horizon, according to Mr. Huston, who alone has explored
the location, is in the Barren Coal-measures, a little above
the crinoidal limestone.
It is remarkable that, notwithstanding the close relation
ship in general features of the two rich faunas, of Cassville
and Richmond, not a single species has been found common to
the two. One species, indeed, I formerly regarded as found
in both, but a closer study convinces me that there are in
this case two nearly allied forms, and they are accordingly
separated in this paper. Further than this, with one or two
exceptions, no American species has been found in two
different places, and without exception the American species
are completely distinct from the European."
The complete list of these Cassville species as given by
Scudder on page lU, Bulletin 12k, U. S. G. Survey, is as
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follows:
Etoblattina lata
sagittaria
mediana
ovata
debilis
balteata
patiens
mucronata
detecta
exigua
residua
funeraria
expuncta
aperta
eakiniana
accubita
expulsata
gratiosa
macerata
immolata
mactata
communis
exsecuta
arcta
praedulcis
angusta
macilenta
rogi

Etoblattinna expugnata
obatra
imperfecta
secreta
invisa
occulta
defossa
recidiva
Gerablatina inculta
perita
diversinervis
cassvici
abdicata
concinna
uniform!s
permanenta
permacra
eversa
deducta
radiata
lata
rotundata
ovata
Anthracoblattina virginiensis
Poroblattina gratiosa
fossa
complexinervi s
Petrablattina hastata

Prof. William C. Darrah (1935; P- 138) states that be bas
collected Taeniopteris, Baiera, Walchia, Lescuropteris and Callipteris
from tbe Dunkard strata.

Of these genera, only Callipteris is con

sidered by Darrah to be a certain Permian indicator.

Although most

investigators prior to the work of Darrah had followed the conclu
sions of either Fontaine and White or David White and regarded all
Dunkard rocks to be of Permian age, Darrah revised the Permian
boundary upward to the base of the Greene formation.

He states (1935;

p. 137-138) "that there is a true Permian flora in the Dunkard is

incontestably demonstrated by the presence of Callipteris.

However,
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this important indicator makes its appearance at the hase of the
Greene or Upper Dunkard.

In a strict sense, the Permian division

line begins at this appearance.

The Washington or Lower Dunkard is

considered to be Pennsylvanian or Upper Carboniferous and the fossil
flora of the Washington admits no other correlation."
Darrah's work gives us a new boundary for the Permian in
the Appalachian basin; the base of the Greene formation.

This differs

from that originally selected by David White (the roof shales of the
Washington coal); by I. C. White and David White (Cassville Plant
shale); and that which I. C. White believed would ultimately be
proven (about the top of the Mahoning sandstone).

Recent geologists

seem willing to accept (Berryhill and Swanson, 1962; Dunbar, i960) a
transitional Permo-Carboniferous age for the lower portion of the
Dunkard Group (Washington formation) while still considering the
upper portion (Greene formation) as Permian; even though this scheme
does not follow the theses of either I. C. White or David White whom
they cite for proof.

Neither does it follow the works of Darrah.

This seems rather unusual when one considers the statement of
Berryhill and Swanson (1 9 6 2 ) that "there are neither lithologic nor
faunal-floral bases for differentiating the Washington and Greene
formations anywhere in the Dunkard basin.

The subdivision of

Stevenson (1876) has been handed down mainly through tradition".
The confusion involving these strata is evident in the
paper of Berryhill and Dewitt (1955)

state that they feel that

the Koontz coal of Maryland is not correlative with the Waynesburg
coal of West Virginia because the fossil plants were identified by
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Charles Read of the United States Geological Survey., as being
Pennsylvanian in age instead of the Permian flora described from
above the Waynesburg coal by Fontaine and White.
In the excellent discussion of Taeniopteris by Darrah
(1935) he states (p. 139) that "a score of Paleozoic Taeniopterids
have been described.

The so-called "species" are poorly defined.,

although five specific alliances are easily recognized.

All of

them are characteristic of the Permian, despite the fact that a
number of pre-Permian occurrences have been reported. ... Taeniop
teris, in its broadest sense ranges from the Upper Carboniferous to
Lower Cretaceous (or Neocomian)".
The specimen reported upon by Darrah (1935) was collected
from the roof-shales of the Uniontown coal, Monongahela Group at
Monongahela City, Fayette County, Pennsylvania by Darrah in November,
1933.

Darrah reports the species to conform to Taeniopteris jejunata

Grand' Eury.

He states (p. 139) "Grand' Eury's plant is relatively

abundant in the Stephanien and Rotliegende of France, Germany, Spain
and Czechoslovakia.

The specimen also bears a relation to Taeniop

teris lescuriana Fontaine and I. C. White" which was described along
with T. newberriana from material collected from the Waynesburg coal
at”Cassville, West Virginia.
Darrah (p. l4l) reports that "Potonie (1 8 9 6 ) gives the
distribution of T. jejunata as Floras VI to VIII or in other words,
from the Upper Ottweiler (= Stephanian) to the Lower Rotliegende.
The same range is given by Gothan (1 9 2 3 ) who states that it is essen
tially Permian although it appears in the Uppermost Carboniferous.
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Bertrand (1 9 2 8 ) lists T. jejunata among the characteristic plants
of the Saint-Etienne flora (Stephanien) of Prance.

No undoubted

records of this or of any other Taeniopteris occur earlier than the
Stephanian stage of the Carboniferous".

Darrah believes (p. lbl-lh2)

both species of Taeniopteris reported by Lesquereux from the Pottsville belong to Megalopteris, a genus characteristic of the Pottsville.

Taeniopteris ? missourienses David White from the lowest

Allegheny or upper Pottsville is also questioned as it was by White
himself.

Darrah states (p. 1^2) that "White's plant should be

designated Alethopteris missourienses”.
Darrah states (p. 1 U6 ) that Taeniopteris "obviously
possessed an extensive geographic distribution during
Stephanian and Permian times. Its value as an "index”
genus has been recognized in Europe. Halle considered it
to be significant in China, and Elias called attention to
its position in the Kansas succession. The plants asso
ciated with Taeniopteris jejunata in the Monongahela
series of western Pennsylvania are:
Pecopteris arborescens
Pecopteris feminaeformis
Pecopteris unita
Pecopteris polymorpha
Pecopteris bredovi
Pecopteris daubreei
Callipteridium gigas
Diplotmema ribeyroni
(Mariopteris cordato-ovata
Lesqx., non Weiss)
Zeilleria sp. nov.
Sphenopteris minutisecta
Alethopteris grandini
Lescuropteris moorii
Taeniopteris jejunata

Neuropteris cordata
Neuropteris rogersi
Neuropteris grangeri
Neuropteris sp.
(aff. N. neuropteroides)
Odontopteris reichi
Odontopteris genuina
Odontopteris sp. nov.
Sigillaria brardi
Asterophyllites equisetiformis
Sphenophyllum oblongifolium
Sphenophyllum tenuifolium
Poacordaites sp.
Walchia sp. (aff. W. piniformis)

Darrah continues, "This association appears in the Upper
Conemaugh Series (Clarksburg member) and continues with slight
modification to the top of the Washington Series. Lescurop
teris is abundant in the lower portion of the sequence and
Odontopteris is most abundant in the middle.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

35

The affinites of this flora are with those of St.
Etienne, Commentry, Gard, Blanzy and Creusot. These
localities are "type" Stephanien, and the species cited
belong to the middle and upper Stephanien."
He concludes (p. lW), "The late Pennsylvanian rocks
contain many of such "Permian" indicators. Their presence
carries far more significance than the typical coal mea
sures plants among which they are submerged.
The occurrence of Taeniopteris in the Appalachian
province is a fortunate event because its precise dis
tribution in the Pennsylvanian Series can be determined. ...
Both the Washington and Monongahela Groups are Stephanian
and characterized by a few "Permian" types. Taeniopteris
is one of the most constant and widespread of these types."
The present writer fully accepts Darrah's concept of the
occurrence and stratigraphic importance of Taeniopteris. To expect
a plant to suddenly appear with wide geographic distribution in a
succession of strata not interrupted by an unconformity representing
a hiatus of considerable duration seems foolish.

This genus may well

be a "Permian" type, but "Permian" types had to have a beginning;
and in an uninterrupted succession of strata that beginning would
of necessity be in the older strata and not the "typical".

The

interpretation of Darrah is therefore considered preferential to
that of White as quoted above.
White noted in 1903 (p. 121) and is quoted above, that
Walchia had not been found in Dunkard strata.

He stated that this

was the only genus found in his collection from the Wichita beds of
Texas that had not been found in the Dunkard.

Subsequently, William

C. Darrah (1936 ) reported Walchia not only from the Dunkard but also
from the Conemaugh of western Pennsylvania.
Darrah reports (p.'9) that "Walchia is abundant in Permian
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floras and occurs less abundantly in the Upper Carboniferous (or
Stephanian).

It is one of the ubiquitous late Paleozoic genera".

He states (p. 10), "The most important and widespread of the
Paleozoic conifers is Walchia piniformis (Schlotheim) Sternberg.
It occurs in both Permian and Stephanian rocks of the northern
hemisphere".

The specimens from western Pennsylvania are reported

to fall within the range of variability of Walchia piniformis. The
Conemaugh specimen was collected from the Clarksburg member; the
Dunkard specimen from about the Nineveh (p. 11).
Darrah states (p. lU-15), "Walchia makes its appearance
in western Pennsylvania in rocks of Conemaugh age in the
zone of Lescuropteris. These rocks are of Stephanian age,
as is evidenced by the plants associated in the same strata.
Pecopteris hemitelioides
Pecopteris arborescens
Pecopteris polymorpha
Pecopteris feminaeformis
Pecopteris cistii
Pecopteris daubreei
Pecopteris lamurensis
Sphenopteris minutisecta
Dicksonites pluckeneti
Alethopteris magna
Alethopteris grandini
Lescuropteris moorii
Zygopteris erosa

Neuropteris aff. ovata
Neuropteris neuropteroides
Neuropteris scheuchzeri
Odontopteris reichi
Odontopteris genuina
Odontopteris sp. nov.
Calamites suckowi
Annularia sphenophylloides
Annularia stellata
Sphenophyllum oblongifolium
Cordaianthus sp.
Walchia aff. piniformis

Although this same general Upper Carboniferous flora
continues to populate western Pennsylvania during
Monongahela and Washington time., Walchia has not been
found in either series of rocks. It has been found in the
Greene series., at Mount Morris., in the following associa
tion:
Callipteris conferta
Odontopteris pachyderma
Sphenopteris sp.
Pecopteris arborescens
Neuropteris odontopteroides Walchia aff. piniformis
Two additional forms occur in olive shales twelve feet
above:
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Pecopteris polymorpha

Odontopteris cf. reichi

.

The Greene rocks are of lower Permian age. Callipteris
conferta, in a small variety, is very common."
Prof. Darrah discusses (p. l6) that Walchia is known to
occur in the Upper Carboniferous of England, France and elsewhere
although it is characteristic of the lower Permian.

He states how

ever, that "no reliance is placed upon its presence as an indicator
of Permian age.

However, it is a precursor of the typical Permian

flora to come.

In this sense its appearance is an important factor

in determining the process of plant sequence in the late Paleozoic".
It is extremely difficult for the writer to understand how
so little credence can be given "typical" Permian types such as
Walchia and Taeniopteris while at the same time considering Callip
teris to be an infallible indicator of Permian time.

It seems

completely logical to the writer that Callipteris would, in a normal
section, be actually expected to occur before Permian time in
association with typically Pennsylvanian types.

This, in the mind

of the writer, is the explanation acceptable to explain the extremely
limited occurrence of Callipteris in the Dunkard.

The writer proposes

to develop in this paper evidence to establish that the use of
Callipteris as an infallible indicator of Permian time is invalid and
that the preponderance of typical Pennsylvanian species cannot be
ignored.

The late Pennsylvanian flora seems to be characterized by

an admixture of Pennsylvanian genera with a sprinkling of such younger
genera as Walchia, Taeniopteris and finally Callipteris.
The fossil insects described by Prof. Scudder (1895) a-na
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presented by White (1903 ) as additional evidence of Permian age seem
to offer little support to that conclusion.

Scudder does not attempt

to substantiate or claim a Permian age for the sediments but rather
relies upon the age determination of Fontaine and White (1880 ).
White quotes (1903, p. 122 and reproduced in full in this paper)
Scudder's comment "... the specimens were found ... above the Waynes
burg coal, in what is termed by Prof. I. C. White the Dunkard Creek
series, and referred very positively by him and Prof. Wm. M. Fontaine
to the Permian".

Scudder only claims that they are younger than any

then known from the Illinois or Pennsylvania rocks; he makes no
personal commitment regarding the age.

Also, he clearly states (see

complete quotation above) that "without exception the American species
are completely distinct from the European".
I. C. White was clearly searching for evidence to push the
Permian well down into the Conemaugh.

In support of this he offered

Scudder's findings (1895) from the Richmond, Ohio insect fauna and
his comments regarding this as published in 1903 (p- 255 -2 5 6 ) are
presented below:
RICHMOND, OHIO, INSECT FAUNA.
In the shales a short distance above the Ames limestone,
at the edge of the township of Richmond, on Wills creek, near
Steubenville, Ohio, Mr. Samuel Huston, of the latter city,
has discovered a rich fauna of fossil cockroaches. These
have been described by Prof. S. H. Scudder in Bulletin No.
12U of the U. S. G. Survey, and of the twenty-two species
enumerated, all except five belong to the Etoblattina which
is so largely represented in the fauna of the Cassville plant
shale. The following is the list of species and genera given
by Prof. Scudder from the Steubenville or Richmond locality.
Etoblattina fossa.
strigosa.

Etoblattina hustoni.
hastata.
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Etoblattina jeffersoniana.
fasciata.
remosa.
willsiana.
maledicta.
benedicta.
funesta.
exsensa.
tenuis.

Etoblattina marginata.
gracilenta.
stripata.
variegata.
Gerablattina apicalis.
richmondiana.
minima.
Poroblattina longinqua.
ohioensis.

These fossil insects are described by Professor Scudder
in connection with those given on page 123 of this volume,
from the base of the Dunkard creek series at Cassville
W. Va., 600 feet higher in the stratigraphic column. The
Richmond insects, while entirely different specifically
from those at Cassville, nevertheless agree with them in
their resemblance to the Permian types found in Europe,
only in the lower Dyas of Weissig, Saxony. The comments
by Prof. Scudder on the geological relations of both the
Cassville and Richmond fossil insect faunas are quoted at
length on pages 1 2 2 -1 2 3 of this volume, and are of special
interest as confirmatory of the Permo-Carboniferous age
of the main portion of the Conemaugh series suggested by
the writer as a possibility.
Considerably more information regarding the Ames limestone
and associated shale is presented by White (1903^ P* 2 5 6 -2 6 1 ), in
cluding a letter and a lengthy faunal list by F. B. Meek submitted
to Dr. John J. Stevenson.

It would serve no purpose here to present

these data; so it will suffice to say that White chose to take a
considerably different view from Meek and stated (p. 260) "it is
possible that the Ames limestone and all the rest of the Conemaugh
series down to near the top of the Mahoning sandstone, should, with
the overlying Monongahela series, be classed among the PermoCarboniferous beds.

The great series of RED SEDIMEHTS (emphasis

original) which underlie the Ames limestone fossiliferous beds give
credence to this idea of their relationship to Permian time".

Thus,

it seems Dr. White would have liked to put all red Pennsylvanian
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sediments and their equivalents into the Permian.
In 1908, I. C. White (p. 6 8 8 -6 9 0 ) briefly discusses the
Permianage of the

Dunkard and the possibility of the "break" in

the geologic record at the top of the Monongahela, being of quite
long duration.

Of greater interest however, is his presentation of

proximate and ultimate analyses of a sample of Washington coal com
pared with a sample of Brazilian coal from "S. Jeronimo, Rio Grande
do Sul".

He states (p.6 8 9 ) that the Washington coal "resembles in

chemical composition the coals found in the Permian beds (emphasis
original) of the Stages of Santa Catharina and Rio Grande do Sul,
Brazil, as may be seen by the analysis ... ".

The comparison of

analyses between the Washington coal and the Permian coal from Brazil
is again presented by White in 1910 (p. 351)*
In 1902, at the invitation of I. C. White, Charles David
White collected fossil plants from throughout the Dunkard Group.

A

letter regarding these collections published by I. C. White (1903.?
p. 120-121) is reproduced in full above.

David White's conclusions,

in addition to the above letter were published in 1 9 0 ^ and 1 9 0 6 , at
which time he stated that the sediments above the Washington coal
were perhaps of Permian age, but that the available evidence did not
substantiate this age for lower strata.

In 1933? at the International

Geological Congress held in Washington, D. C., he reviewed the problem
and stated that the Dunkard Group was definitely Permian, but that
Permian plants invaded only at intervals when the climatic conditions
were temporarily favorable for their reception.

In the same paper

(1 9 3 6 , p. 6 8 3 ) he mentioned that were it not for the Cassville flora
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composed of "unquestionable European Permian genera", discovered by
I. C. White in the roof shales of the Waynesburg coal, the entire
Dunkard might still be regarded as of Pennsylvanian age.

He further

states (p. 683 ) "if a "holdover" marine Carboniferous invertebrate
fauna had happened to be present in this trough, we may safely assume
that the age determination of the Dunkard would have been the subject
of lively controversy".

This infers to the present writer that David

White considered it possible for strata bearing Pennsylvanian fauna
to be intercalated with strata bearing "unquestionable" Permian plant
genera.

Such "unquestionable" age indicators seem totally unreliable

for establishing a systemic boundary.
David White's chart showing regional correlation of
Pennsylvanian and Permian strata (1938) places the upper limits of the
Greene formation (upper Dunkard) at about the top of the Chase Group,
Wolfcampian Series of Kansas; the top of the Washington formation
(lower Dunkard) at about the top of the Cottonwood limestone, Council
Grove Group, Wolfcampian Series; and the base of the Dunkard somewhere
about the Americus limestone, basal Council Grove Group, Wolfcampian
Series.

The base cannot be interpreted too well due to the broad use

of "Wabaunsee Group" by White, but this estimate is surely close to
his intent.

The reader is referred to the palynological data of this

report for a comparison of Dunkard spore floras with those of the
Gearyan (Wolfcampian) of Kansas.
Elias, also at the 1933 International Geological Congress,
reported (1938 , p. 691 ) that a rich and predominantly coniferous
flora had been collected about 1,100 feet below the base of the
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"Permian" in Kansas as then accepted hy the State Geological Survey.
This flora was collected from the Victory Junction shale member of
the Stanton limestone,, Lansing Group, Missourian Series.

Walchia

piniformis made up SO percent of the material; Taeniopteris was also
present.

This flora obviously has a distinct "Permian" aspect, yet

according to Elias (p. 6 9 1 ), "it is not of Permian age".

Pennsyl

vanian age marine invertebrates and some seed ferns were collected
from the limestone immediately overlying the Walchia and Taeniopteris
bearing bed.
Also of particular significance, Elias reports (p. 692 -693 )
"that all Kansas floras beginning with that of the Amerieus limestone
and extending up to the Carlton (Elmo) have abundant Callipteris,
mostly of the typical C. conferta form, whereas in not a single one
of the rich and various floras that have been found below the
Amerieus have any species of Callipteris been recognized".
The placing of the lower Dunkard boundary at the horizon
of the Amerieus limestone by David White (1936) is incompatible with
the work of Elias (1936), because Elias recognized this as the first
occurrence of Callipteris while White's earliest occurrence of
Callipteris was at the roof shales of the Washington coal.

Darrah

reported (1935) the earliest occurrence of Callipteris in the Dunkard
at the base of the Greene formation and therefore considered this the
base of the Permian.
Darrah!s report of Walchia (1936 ) from the upper Conemaugh
of western Pennsylvania is importantly comparable to the work of
Elias because both record Walchia in Pennsylvanian sediments well
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before the appearance of Callipteris. Elias found Taeniopteris
associated with Walchia in the Stanton limestone., which may be
equivalent to the Ames in the Appalachians (Moore., 1959^ P* ^7_^S),
indicating Walchia may eventually be found in the Appalachians a
little earlier than reported by Darrah (1936 ) and that Taeniopteris
may be expected to occur in considerably older strata than the
present known oldest Appalachian occurrence, also reported by Darrah
(1935).
Baymond C. Moore (l936> P- 597) reports that Dr. David
White., by oral communication and letter to him (Moore), had seriously
suggested that due to the then recent discovery of so-called "Permian"
plant fossils well down in the Kansas Pennsylvanian, the Permian
should be extended downward to include the upper half of the Pennsyl
vanian, including the "Permian" plant horizon in Kansas.

He added

also that the Permian would probably include most, if not all, of the
Monongahela and Conemaugh in the Appalachians.

This fully explains

why David White had in 1933 (paper not published until 1936) at the
International Geological Congress revised his "Permian" boundary
downward to include the entire Dunkard.

With the finding of Walchia

and Taeniopteris well down the section in Kansas he had finally
accepted the views of I. C. White that the Cassville flora was truly
Permian, even without Callipteris, and that "Permian" floras would be
found farther down the section in the Appalachians.

Darrah's finding

of Taeniopteris (1935) and Walchia (1936 ) have proven him at least
partially correct regarding the presence of the plants, and these
are yet today regarded as "Permian" types.
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The profound influence of I. C. White in assigning the
Dunkard strata to the Permian is evidenced hy the following which
was told to the writer hy Dr. Herbert P. Woodward on May lk, 1 9 6 8 ,
shortly before his death.

Woodward., while a student at Rochester

University, was told by his professor, G. H. Chadwick, that he
(Chadwick) had been in the field with G. H. Girty, who had labeled
the Dunkard Permian, and that Girty had stated that he could more
easily have called it Pennsylvanian, but instead called it Permian
because I. C. White had said it was so.

He (Girty) did this even

though the paleontological evidence seemed to him to indicate a
Pennsylvanian age.

He thus stated that he called it Permian solely

because I. C. White was such a prominent person and he wished to
create no controversy.
Obviously, although not created by Girty, the controversy
arose anyway and remains with us to the present.

It is interesting

to note that the redoubtable Israel C. White, seemingly assumed to
be gifted with infallibility in geologic matters, was for some reason
often presented in pontifical fashion as the unquestioned (at least
publicly) supreme authority by men who were at least his peer in
scientific endeavors.
A more recent interpretation of the age and characteristics
of the Dunkard strata is presented by an Ohio worker, Wilber Stout
(l95^-;> P* ^3^), who is quoted by Sturgeon and others 1958 (p- 191)
as follows:
"The demarcation (Monongahela-Washington series boundary)
was based on the character of the plant fossils in the roof
of the Waynesburg coal, on the supposition that this coal is
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the highest member of importance in the coal series, and
on the general changes in the sediments assumed to take
place near this horizon- The division as far as stratigraphic conditions are concerned is entirely arbitrary.
The Waynesburg is simply one coal bed (in 53) in a wide
range of sediments (1,7^0 feet) that change more or less
gradually from mainly marine to wholly fresh-water. The
marine limestones or ores begin with the Sharon (ore) and
end with the Skelley (limestone) and the fresh-water lime
stones begin with the Salem (limestone) and end with the
Gilmore (limestone in Ohio). Red Beds, aside from "pink
eye" clay, appear at the Lower Freeport limestone horizon,
become prominent in the upper part of the Conemaugh series,
and are rather characteristic strata throughout the entire
Permian system. Thus, assigning the Waynesburg coal to the
top of the Pennsylvanian system offers some convenience in
handling such a large number of members, but it is not based
on specific geological changes at this horizon."
Although Stout recognizes no geologic change, he persists
in following tradition and assigns the Dunkard strata to the Permian.
Stout's interpretation is augmented by Cross and Arkle (1952, p- 101)
who state,
"it is not possible to demonstrate any major change in
general lithology or types of sediments from the middle of
the Conemaugh series to the top strata of the Dunkard
(about 1,^50 feet). The microfossil flora shows no prin
cipal change from mid-Conemaugh to mid-Dunkard. There is
no major change in sequence of the individual rock units
comprising cyclothems in this sequence except where facies
lines are crossed."
There was no major paleobotanical investigation of the
Dunkard flora after David White's re-examination of the Fontaine and
White collections in 1902 until the early 19^-0's when Dr. A. T. Cross
began work on the Dunkard flora of the Appalachian region.

Unfor

tunately, the final results of Cross's study have never been published
but in 195^ he presented a summarization of his Dunkard work before
the 8th International Botanical Congress in Paris.

His investigation

indicates that there should be a considerable reduction in the number
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of species referred to the Dunkard strata and that hoth the mega- and
microfossils suggest that the Dunkard flora is essentially a reduced
remnant of late Pennsylvanian time with a few Permian precursors being
introduced (Sturgeon and others., 1958; P* 191-197)*
More recent work by Gillespie (1961 ), Gillespie and Latimer
(1 961 )., Gillespie and Clendening (1969 ), Hennen, G. J. (1 968 ), and
Clendening (i960, 19^2, 1967 , 19^9) have all either indicated that it
should be or else they positively assigned the Dunkard strata (all or
part) to the Pennsylvanian.
Dr. John J. Stevenson, who worked for many years with the
Pennsylvanian strata of Pennsylvanian and adjacent areas and probably
knew more about it than did any other man, past or present, did not
accept the Permian age assigned to the Dunkard.

In the fourth and

final part of his monumental "Carboniferous of the Appalachian
Basin", published in 1907, he assigns all the Dunkard, along with the
Pottsville, Allegheny, Conemaugh and Monongahela, to the Pennsylvanian.
In the 190T paper (170-173) he reiterates the conclusions of Fontaine
and White as well as those of David White, but he does not elaborate
on them.

It seems as though he too had chosen to avoid the contro

versy by presenting their evidence without comment while retaining the
strata in the "Carboniferous".
A somewhat different approach may be seen in the recent
paper by Durden (1969 ), who, on the basis of blattoid (cockroach-like)
insect genera has assigned the Cassville shale to the Autunian A but
has placed the Autunian A and part of the Autunian B in the Pennsyl
vanian.

Although the Cassville shale was Durden's stratigraphically
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highest locality, he places the Permian boundary at the base of the
Greene Group as did Darrah

35

years ago

(1 9 3 5 )-
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REVIEW OF THE TRADITIONAL BOUNDARIES OF THE PERMIAN SYSTEM
To completely review and analyze the floral-faunal-structural-stratIgraphic-emotional evidence on the Pennsylvanian-Permian
boundary is beyond the scope or purpose of this paper.

It seems

essential., however., in view of the long enduring controversy and
general confusion regarding the location of this much disputed bound
ary, to review the problem and to present a part of the evidence
cited by various authors for their actions.
The controversy began in the early summer of 1810 when
Roderick Impey Murchison (1792-1871) arrived in Moscow, Russia for
the purpose of studying the rocks occupying a vast structural basin
lying to the west of the Ural Mountains (Gregory, 1958b).

This basin

measures about 700 miles on an east to west line and about 1,000 miles
in the north to south direction (Dunbar, 19^+0, p. 237)*

According to

Dunbar, the region is divisible into two major structural elements:
the Russian platform and the Uralian geosyncline.

He states that the

Carboniferous and Permian strata lie nearly horizontal on the broad
platform and are of moderate thickness, but as they pass eastward to
the western flank of the Urals, the Permian formations thicken enor
mously and undergo a rapid change of facies.
Murchison returned to Russia in l8Ul for a second seasons
field work and before leaving Moscow proposed the Permian System in
a letter addressed to Fischer de Waldheim, then president of the
Academy of Sciences at Moscow (Dunbar, 19^0, p. 239).

Upon his

return to England, he discussed his results before the Geological
Society of London and published his letter to Fischer de Waldheim
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in the Philosophical Magazine. This letter constitutes the complete
original definition of the Permian System and is quoted in full
below.

The quote was obtained from Dunbar (19^+0, p. 2h0) because the

original Journal was not available to the writer.
"Our last year's survey had pretty nearly determined the
limits of the great tract of Carboniferous limestone of the
North of Russia. On this occasion we have added to its
upper part that remarkable mass of rock which forms the
peninsula of the Volga near Samara,, and which, clearly ex
posed in lofty, vertical cliffs, and charged with myriads
of the curious fossils Fusulina, constitute one of the
striking features of Russian Geology. (These are the beds
of the zone of Triticites and correspond with the upper
Pennsylvanian rocks of American geologists - explanation is
Dunbar’s.)
The Carboniferous system is surmounted, to the east, by
the sandstone and conglomerates, to which I propose to give
the name of "Permian System", because, although this series
represents as a whole, the lower New Red sandstone (Rohte
todte liegende) and the magnesian limestone or zechstein,
yet it cannot be classified exactly (whether by the succes
sion of the strata or their contents) with either of the
German or British subdivisions of this age. Moreover the
British lithological term of new red sandstone, is as in
applicable to the great masses of marls, white and yellow
limestones, and grey copper grits, as the name of old red
sandstone was found to be in reference to the schistose
black rocks of Devonshire.
To this "Permian System" we refer the chief deposits of
gypsum of Arzamas, of Kazan and of the rivers Piana, Kama,
and Oufa, and of the environs of Orenbourg; we also place
in it the saline sources of Solikamsk and Sergiefsk, and
the rock salt of Sletsk and other localities in the gouvernment of Orenbourg, as well as all the copper mines and the
large accumulations of plants and petrified wood of which
you (Fischer de Waldheim) have given a list in the "Bulletin"
of your Society (anno l8U0). Of the fossils of this system,
some undescribed species of Producti might seem to connect
the Permian with the Carboniferous aera; and other shells,
together with fishes and saurians, link it on more closely
to the period of the Zechstein, whilst its peculiar plants
appear to constitute a Flora of a type intermediate between
the epochs of the new red sandstone or "trias" and the coal
measures. Hence it is that I have ventured to consider this
n
t
TT
!T
series a system .
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Dunbar (1940, p. 237) concedes, "Indeed, it must be con
fessed that the reasons he then assigned for founding a new system
would have little validity today if they had not been fortified by
a vast array of data discovered since 1845".

The "vast array of

data" will be examined a little closer as this report progresses.
Murchison and his colleagues, Eduard de Verneuil and
Alexander von Keyserling, published their proof in 1845 in The
Geology of Bussia in Europe and the Ural Mountains. They clearly
considered the system, in the type area, to consist of the Kungurian,
the Kazanian and the Tartarian.

They also referred the Zechstein of

Germany and the Magnesian limestone of England to the system.

In

the words of Carl C. Branson (1958.; P* 52) "Theirs has been to date
the last definite indication of the base of the Permian".

There is

no reason to alter Branson's statement for the purposes of this study.
Branson adds (1958; P* 52):
"As a result of his study of the ammonoids, Karpinsky
added the next lower series, the Artinskian, to the
Permian. In his concept of the Artinskian, he included
part of the series which has come to be called the
Sakmarian. Tschernyschew, in 1902, inadvertently intro
duced much of the confusion which still plagues
stratigraphers. In his excellent monograph on the faunas
he incorrectly correlated the sections In the two areas
he studied and he considered all of the Artinskian to be
Upper Carboniferous. For many years geologists avoided
having to decide on the base of the Permian by using such
terms as Permocarboniferous, Uralian, and Anthracolithic
for rocks of Late Pennsylvanian or early Permian age, and
the U. S. Geological Survey labels Wolfcampian rocks
Permian (?)."
The existence of Permian rocks in the United States has long
been a subject of debate which has resulted in much difference of
opinion.

According to Grimsley (1907, p. 70); "Wie difficulties
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began by the identification as Permian of a collection of fossils
made in Kansas by Hawm and described by P. B. Meek.

Branson (1958*

p. 5 3 ) describes the difficulties in more detail:
"in the Midcontinent the conception of the base of the
Permian was influenced by an argument concerning priority
in first recognizing Permian rocks in North America.
Swallow announced his recognition of Permian fossils in
Hawn's Kansas collections on February 22, 1858 ; Meek and
Hayden announced their similar discovery on March 2, and
Shumard gave his paper describing Permian rocks and fossils
from the Guadalupe Mountains on March 8 . Meek and Hayden
behaved childishly in claiming priority and Marcou (who had
made a lucky guess in 1853 ) also claimed priority. These
gentlemen saw Permian everywhere and as a consequence rocks
far down the section in Kansas and Nebraska were called
Permian."
Not all geologists agreed with the above men, for according
to Grimsley (1907* P- 70), a Dr. Newberry, at the Berlin International
Geological Congress of 1885 , was reported as stating "He had traversed
all the States and Territories of the Union and had examined the socalled Permian in many localities, but in his judgement it could not
be separated from the Coal Measures".
Branson reports (1958, p. 52) that
"Beede, working on Kansas rocks, first used Schwagerina
as a zone fossil in the Permocarboniferous (later Permian)
on an intercontinental basis. Fusulinids came to be and
still are widely used for correlations and the series
boundaries were modified to fit the generic ranges as was
the systemic boundary. The Uralian (Cisco, Virgil) is the
zone of Triticites, but the genus lived nearly through the
next epoch. The Sakmarian (Wichita, Wolfcamp, Council
Grove-Chase) is the zone of Pseudoschwagerina and Schwagerina
is introduced at its base. The Artinskian (Leonard, Word)
is the zone of Parafusulina. The result of the practice of
adapting stratigraphy to the ranges of fusulinid genera has
been to place the base of the Permian system at the base of
the Sakmarian in Russia, and at the base of the Wolfcamp,
the Hueco, the Bursum, the Waldrip, and the Foraker in the
United States."
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Branson continues (p.

53 5*0 J
-

"Controversy so confused the literature on the Mid
continent Permian that this most complete normal section
was neglected and a group of geologists succeeded in
establishing the section in the Glass Mountains as type
Permian for North America. This reef and near-reef com
plex is not a good section for comparison with normal
lithofacies and its faunas are not in normal biofacies.
For some time it appeared that a tectonic boundary was
widely useful, for, in West Texas the Wolfcamp and the
Hueco rest with angular unconformity upon Virgilian and
older rocks, and the same relationship is well known on
the Central Basin Platform. The Powwow conglomerate
member of the Hueco contains pebbles in which fossils as
old as Desmoinesian occur, and the conglomerate has been
recognized to the south end of the Sacramento Mountains
in New Mexico. The Bursum formation, a Schwagerinabearing unit, spoiled the tectonic pattern, for in the
Sierra Oscura Schwagerina occurs in red beds difficultly
separable from the Abo, and in Fresnal Canyon the Bursum
(?) lies below a great angular unconformity.
Over much of the Midcontinent there is a sharp change
to red beds at or near the top of the Chase group (Kansas,
N. Oklahoma) and the Wichita group. Some geologists
select this horizon of lithologic change as the Pennsylvanian-Permian boundary. In Oklahoma the base of the red
beds is southward lower and lower in the section, and
locally is at the base of the Virgil. The North Central
Texas red beds (Clear Fork) have a similar pattern. In
general, "Wolfcampian" rocks are similar to those of the
Virgilian. There is little lithologic difference between
the two series in Kansas and northern Oklahoma, in Texas
and New Mexico, in eastern Wyoming, or in Pennsylvania,
Ohio and West Virginia.
Some units of the Permian system contain evaporites in
many parts of the world. Units which contain unusual
quantities of evaporites are Clear Fork of North Central
Texas, Yeso and San Andres of central New Mexico, Ochoa
of New Mexico and Texas, Blaine of Oklahoma, Kansas and
Texas, Cloud Chief of Oklahoma, Kungurian of Russia, and
the great evaporite series of Stassfurt, Germany, and
possibly the salt bed of the Gulf Coast salt basin."
Branson states (1958.? P* 5*0 that the fossils are useful
for correlation from region to region, but that they show no
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particular organic change upon which to base a systemic boundary.
This is apparent when one looks at the continuing attempts to push
the Permian boundary lower and lower from the original base of
Murchison.

According to Branson, it has become customary in the

United States to locate the lowest occurrence of Schwagerina and to
draw the systemic boundary at the first physical break below.

This

seems a rather haphazard method of defining a systemic boundary and
will surely vary greatly from region to region.

Furthermore, the

Schwagerina concept discussed by Branson (1958, P* 5*0 seems to have
collapsed, for in the Memoir Standard Wolfcampian Series (Permian),
Glass Mountains, Texas, by Charles A. Ross, the age occurrence of
Schwagerina is questioned (19&3, P- **3)- Ross' figure 11, showing
correlation of fusulinid zones in Wolfcampian Series and equivalent
strata in the southern Ural Mountains, Russia, is perplexing.

He

questions the series and system to which his Triticites-Schwagerina
zone belongs, yet he clearly states (p. l) that "the base of the
series is raised to exclude strata of late Pennsylvanian age (i.e.,
the Uddenites-bearing shale member and bed 2 of the gray limestone
member, King, 1931)"'

The ammonite genus Uddenites is, according

to Branson (1958, p. 54), Virgilian and this is in full agreement
with Ross’ statement (p. l) but in conflict with the figure (p. 43).
Ross further states (p. l) that "The fusulinid assemblages indicate
that bed 2 of the gray limestone member (Gaptank formation) is
probably correlative with the upper part of the Virgilian Series of
Kansas, although its upper part may be slightly younger and possibly
equivalent to the lower parts of the Pueblo Group of Texas and the
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Admire Group of Kansas and to portions of the upper part of the
Orenburgian Series of Russia."

"May be younger" and "possibly

equivalent" are very weak statements to be applied to a section used
as the standard for a series.

Far more objectionable, however, is

that the section must also be utilized as the North American type
section for the basal formation of the Permian System if it is to
serve as the standard Wolfcampian.
Ross (p. ^3) shows his Triticites-Schwagerina zone as being
correlative with the Admire Group of Kansas.

Branson (1958, P- 5^-)

states that the first occurrence of Schwagerina is at the base of
the Council Grove Group, and that the Admire Group is placed in the
Permian because it is at the base of the Admire that the first
physical break, below the first occurrence of Schwagerina, is recog
nized.

The Permian age of this zone is questioned by Ross (p. ^3)

even though it contains Schwagerina in the Glass Mountains.

Ross

apparently accepts Pseudoschwagerina as definite Permian, but is
uncertain about Schwagerina.
The standard section in the Glass Mountains seems to be
atypic rather than typical.

The Wolfcampian Series in the standard

section, Glass Mountains, Texas is, according to Ross (p. l), "a
complex set of facies having many unconformities".

It is most

irregular, and even more unfortunate, that a section without normal
lithofacies or biofacies and not even fully represented in the
abnormal, has been selected as a type.
Branson (1958, p. 5^) suggests that the "fusulinid boundary
could be the base of the range of Parafusulina as well as that of
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Schwagerina". Parafusulina makes its first appearance at the base
of the Leonardian Series and occurs in the Artinskian Series of
Russia.

The ammonite genus Perrinites is Artinskian but Branson states

(p. 5U) that "the ammonoids had no time of radical change and they do
not point to an obvious boundary".

He also reports that "brachiopods

are too little known to be really useful".

The megaflora offers

little help for there are many regional and ecological facies.
Several "Permian" types have been found well down in the Pennsylvanian
strata as discussed elsewhere in this report.
Branson (1958, p. 55) believes that "Romer has presented the
best argument of vertebrate paleontologists, based largely upon northcentral Texas occurrences.

He would place the Pennsylvanian-Permian

boundary at the top of the Eelle Plains.

Sagenodus, Rhipidistia, and

Embolomeri are older, Captorlinus and Labidosaurus begin there.
Helicoprion begins with the Artinskian, reptiles became abundant
and labryinthodonts dominant above the Sakmarian."
The February, 19^+0 issue of the Bulletin of

the American

Association of Petroleum Geologists contains three papers which are
of prime importance in the question of what constitutes Permian.
Carl

0. Dunbar discusses the classification and correlation of the

type

Permian at considerable length; Raymond C. Moore

presentsa very

informative paper on the Pennsylvanian-Permian boundary; and a paper
entitled Classification of Permian Rocks is offered by the American
Association of Petroleum Geologists Subcommittee on the Permian.
The subcommittee included C. W. Tomlinson, chairman, Raymond C. Moore,
Robert H. Dott, M. G. Cheney, and John Emery Adams.
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These papers have had a profound effect upon the placement
of the Permian boundary in the United States and they are therefore
reviewed at some length.
The stratigraphic location of the base of the Permian is one
of the principal problems involved in the present report.

It seems

advisable therefore, to begin this discussion with "undoubted"
Pennsylvanian beds and work upward.
Dunbar (19^-0, p. 2^3) describes the Moscovian Series of
Russia as corresponding closely with the Des Moines Series of the
Pennsylvanian in the Mid-Continent region of the United States.
He reports it is well defined by its brachiopod fauna and
especially by its fusulines.

"its abundant fusuline fauna includes

the genera Fusulinella and Fusulina, along with more primitive forms
such as Staffela".

Ting and Grabau (1936a, p. 56l) consider the

continental equivalent of the Moscovian to be the Westphalian.

So

far as is known to the present writer, it has not been proposed, to
date, that these strata should be assigned to the Permian.

It seems

safe to assume that they are "undoubted" Pennsylvanian (Upper Carbo
niferous).
Overlying the Moscovian in Russia is a sequence of strata
to which Dunbar (19^-0) applies the term Zone of Triticites. These
strata are characterized by species of Triticites and correspond
roughly with the Missourian and Virgilian Series of the Mid-Continent
region in the United States, according to Dunbar (19^+0, p. 24^).. The
Sakmarian Series of Russia overlies the Triticites zone and is the
Pseudoschwagerina zone.

There is little doubt that the Sakmarian is
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paleontologically equivalent to the Wolfcampian Series in the United
States.

This zone, along with the Triticites zone, is considered by

many Soviet geologists to belong in the Upper Carboniferous (Pennsyl
vanian).

Dunbar (19^0, p. 2V?) reports that other Soviet geologists

regard the Sakmarian as basal Pennian.

This is certainly the case

with most American geologists, who apparently do so mainly through
tradition.
Dunbar explains that the name Uralian was introduced to
include the Triticites beds and all the overlying "limestone of the
Urals" which he states "represent not only the Sakmarian but the
Artinsk as well.

It has since been used in so many senses that it is

shrouded in ambiguity...".

Thus, he uses the name Zone of Triticites

in preference to Uralian which "was intended for a marine series
equivalent in age to the Stephanian coal measures" of western Europe
(Dunbar, 19^-0, p. 2^9-250).

The Triticites zone is distinctly

separated from the "Schwagerina zone" (Sakmarian) by Dunbar (19^0).
Ting and Grabau (l93^b) present an entirely different view
of the "Uralian" from that of Dunbar.

The use of the series name, or

the ambiguity thereof, need not be of importance here for the fossils
are named and they should be valid regardless of the confusion over
the series name.
Dunbar (19^0, p. 270) reports that "In South China, the
Triticites zone is almost, if not completely, lacking and the
Chuanshan limestone with Pseudoschwagerina and Schwagerina rests disconformably on the Huanglung limestone.

The genus Triticites is

represented, of course, in the Chuanshan limestone, as it commonly is
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in the Pseudoschwagerina zone, but the zone marked by Triticites
alone is lacking.

This great break is regional in its extent for the

same relation holds in Indo-China, as shown by Fromaget (1931)*

His

horizons 2 and 3 are clearly Moscovian in age but U to 7 have the
complex of the Pseudoschwagerina zone".
Ting and Grabau (1938b, p. 66 k) use the term Maping lime
stone rather than Chuanshan limestone because Chuanshan limestone
originally included only the lower part of the series.

They utilize

the name Mapingian Series for the marine beds and Taiyuan Series for
the continental equivalent in Forth China.

They report the Taiyuan

Series to have a very wide distribution in Forth China, consisting
of sandstones, shales and coal seams intercalated with thin marine
limestones.

They state "The fauna from these limestones shows clearly

its equivalence to the Mapingian of South China and to the Uralian of
northeastern Europe".

The flora from these beds was studied by Halle

and his results are reported by Ting and Grabau (1938b, p. 8 6 6 ) as
clearly Stephanian.

They report that Schwagerina princeps (= Pseudo

schwagerina) is present in the marine beds.

"The fauna includes so

many of the most characteristic Uralian species that there can be no
question of the exact correlation" (Ting and Grabau, 1938b, p. 6 6 6 ).
A widespread disconformity between the Uralian and the
Moscovian throughout China was reported by Ting and Grabau (1 938 a;
1938b, p. 6 6 6 ).

This, coupled with the paleontologic and other

evidence available to them, led to their proposal (1 9 3 8 b, p. 6 6 7 ) to
include the Uralian in the Permian.

Since they had shown the con

tinental equivalent to be Stephanian, it naturally follows that they
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would assign it also to the Permian (p. 66j).
M. K. Elias in the discussion following the presentation
of the paper by Ting and Grabau (1936b, p. 6 7 5 ) stated "There does
not appear to be any valid reason for adding the whole Uralian to
the Permian.. . With this statement, the present writer is in full
agreement, however, if we are to recognize Pseudoschwagerina as an
infallible index to the Permian, then the "Uralian" as used by Ting
and Grabau must be included in the Permian.

Further, as seemingly

proven by their work, we must also include the Stephanian in the
Permian.
According to Dunbar (19^0, p. 270), the Triticites zone is
almost, if not completely, lacking in the Chuanshan (Maping) lime
stone.

This indicates there may be a Triticites zone especially

since Triticites, Schwagerina and Pseudoschwagerina all appear above
a disconformity.

Is it not possible that Schwagerina and Pseudo

schwagerina evolved from Triticites ancestors during Stephanian time
in the seas of south China?

Dunbar (19^-0, p. 2 6 9 ) reports that

Wedekindellina, which in the United States "marks a very distinct
subzone in the lower half of the Fusulina zone..." (Moscovian Series),
is restricted in Russia "to an equally definite subzone at the top of
the Moscovian...along the western slope of the Urals...".
this genus originated in America and migrated to Europe.

He believes
A consider

able amount of time was obviously needed for Wedekindellina to migrate
to far off areas (even if the continents were then together), as would
be expected.

Would not a similar circumstance be predicted for the

Schwagerina complex?
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The evidence presented by Ting and Grabau (1 93 6 b) could be
interpreted as an early occurrence of "typical" Permian fusulines
which probably is also indicative of a certain environment favorable
for the "typical" Permian genera such as Pseudoschwagerina. Dunbar
(1 9 ^0 , p. 2 5 3 ) states that he believes that scattered assertions in
the literature to the effect that "Schwagerina" (= Pseudoschwagerina)
is a facies fossil., not limited to a definite horizon, are invalid.
Support for the interpretation that certain marine equiva
lents of Stephanian age beds may contain Pseudoschwagerina is found
in Cannon (1 9 5 8 ).

Cannon's concept (p. 35) is "that if the Wolfcamp

overlies Strawn and older rocks in the Black Shale Basin and the
Canyon overlies Strawn and older rocks in the Eastern Shelf Area,
then the unconformity at the base of the Wolfcamp must be the one at
the base of the Canyon.

Thus, if the base of the Wolfcamp is the

base of the Permian in the Black Shale Easin, the base of the Canyon
must be the base of the Permian in the Eastern Shelf Area".

Cannon

presents (p. 3 6 -3 7 ) his interpretation of the correlation of the
strata in five wells in an east-west line from Tom Green County to
Upton County, Texas.

His correlations seem feasible.

The Cisco-

Canyon of central Texas (equivalent to Virgil-Missouri, Stephanian)
appear therefore to be landward equivalents of the facies designated
as Wolfcamp in the deeper(?), more westward portion of the basin.
The situation described by Cannon (1 9 5 8 ) bears a striking
similarity to the section across the Permian basin from Moscow to the
Urals as presented by Dunbar (19*1-0, p. 2k2).

It is very interesting

to note a blank space in Dunbar's section for the strata which should
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be equivalent to the Artinskian Series (and possibly the Kungurian
Series as veil).

It is not unreasonable to conclude that the blank

space shown in the section may be occupied by strata containing
"typical" Pennsylvanian (Upper Carboniferous) fossils, while the more
basinward "typical" Permian fossils are actually restricted to cer
tain facies.

This is, indeed, implied by the section, as presented

by Dunbar, although he believed the facies concept to be invalid.
It is also pertinent that no mention is made of any hiatus
representing these strata not shown by Dunbar.

Also, there is no

indication or mention of any erosion into the zone of Triticites on
the broad shelf area.

It seems illogical to believe that the broad

shelf area would remain so stable as to receive no sediment, nor
undergo any erosion during the time necessary to deposit thousands of
feet of sediment in the subsiding basin.

It seems far more likely

(judging from the blank space in the section) that a relatively
stable situation existed on the broad shelf, but that it did, in fact,
receive some sediment.

These strata would likely be invaluable in

determining whether facies are involved or not.
The occurrence of Pseudoschwagerina is sometimes puzzling
as in the vicinity of the great reef Shikhan Tra-Tau near Sterlitamak,
Russia.

Dunbar reports (19^0, p. 257) a vertical difference of more

than 3.?000 feet from the peak of the Pseudoschwagerina bearing reef to
the level of the same beds in a well only 1.5 miles from the outcroping
peak.

He also reports (p. 257-258) "The logs of nearly eighty wells

in the Ishimbaevo oil field, a few miles south of the Shikhans, reveal
marked inequalities in the thickness of the zone of Pseudoschwagerina
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and in the depth to its upper surface.

This is interpreted tobe the

result of similar reefy developments".
The above information strongly implies to the present writer
that Pseudoschwagerina had a pronounced affinity for reefs and was not
nearly so concerned with the time on the geologic column as with a
favorable environment.
Dunbar,, however, insists that wherever Pseudoschwagerina is
found it should be assigned to Sakmarian time of the "Permian".
Examples of this include: The Shikhan Shak-Tau, which occurs a few
miles north of Shikhan Tra-Tau, "has yielded abundant Pseudo
schwagerina and is therefore of the Sakmarian horizon" (Dunbar, 19^-0,
p. 257)] and "several hundred feet of the base of the "Artinsk"
belongs to the zone of Pseudoschwagerina and should be classed as
Sakmarian" (Dunbar, 19^0, p. 258 ).
It seems to the present writer that such a systemic boundary
would run up and down the stratigraphic column like a yo-yo.
The Artinskian Series need be mentioned here only as part
of the overall Permian problem.

There are many problems concerning

its classification which seems to be characteristic of the Permian in
general.

Dunbar discusses (19^0> P* 258 -2 6 2 ) these problems at some

length and need not be repeated here.

The name as proposed and long

used, was applied to a facies - great deposits of shales, siltstones
and sandstones along the west flank of the Urals.

The Artinsk facies

are now believed to transgress an appreciable amount of time and the
name Artinskian Series as used by Dunbar (19^0) is divisible into
three zones which, according to him (p. 26 l), are defined by the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

63
presence of a certain species of Schwagerina in each.
The Kungurian Series is a great salt-bearing sequence of
strata.

It varies greatly in lithology and thickness and according

to Dunbar (19^0, p. 262), "grades eastward into continental lacustrine
and lagoonal beds of Artinsk facies; also there are regional changes
of facies from south to north, with continental redbeds predominating
in the latitude of Ufa, with marine beds including limestones and
dolomites in the latitude of Kungur, and with chiefly evaporites in
the latitude of Solikamsk, while farther to the north in the Pechora
River region the deposits are continental and coal-bearing".
The Kazanian Series is also one of great facies changes.

In

the center of the Russian platform it is a group of limestones,
divisible into two well marked faunal zones (Dunbar, 19^0, p. 262).
This facies grades "into gray marine shales, then into gray siltstones and shales with non-marine zones bearing plant fossils, and
finally into the bright red cupriferous sandstones on which the city
of Perm stands" (Dunbar, 19^0, p. 262-263).
Dunbar states (19^0, p. 2 6 3 ) "The fossil plants found by
Murchison in the non-marine facies constituted one of his chief
reasons for creating a distinct Permian system.

There is also an

important zone of fossil reptiles in this facies".
The Tartarian Series includes only continental redbed
deposits.

Murchison referred these beds to the Permian but according

to Dunbar (19^-0, p. 2 6 3 ) "seemed to have some premonition that part
of these redbeds might belong to the Triassic".

Vertebrate fossils

from these beds have been studied, and Dunbar summarizes the work as
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follows: "These are being studied by Efremov (1937).? who recognizes
in the upper part of the series., as currently defined, two distinct
zones of Triassic age.

A comprehensive study of the stratigraphy of

the Tartarian has been carried on by Mazarovitch (1937).? who recog
nizes seven divisions of these redbeds, of which the lower two only
(Urzhumian and Sarmian) are Permian, the upper five being Triassic.
In fact, the boundary lies in the upper part of the Sarmian division".
Based on the above cited works, the Tartarian will have to
be greatly restricted and redefined or abandoned.

Abandonment seems

best since it probably can no longer be considered a series.
The great variety of fabies in the type Permian of Russia
should be obvious to all; yet American paleontologists cling to the
first appearance of Pseudoschwagerina as the infallible indicator of
the dawn of Permian time.

How everything else (including other in

vertebrates) can be relegated to facies while retaining Pseudo
schwagerina and Schwagerina as unquestioned indicators of time is
incomprehensible.
The Artinsk facies (added to the base of the original
Permian by Karpinsky and accepted by most geologists as discussed
above) is known to continue down section as low as the Lower
Carboniferous (Dunbar, 19^0, p. 2 6 5 ).

The Artinsk facies then, if

this is correct, traverse essentially the entire Pennsylvanian and
Permian Systems.

This lends little credence to Dunbar's theory that

the rapid subsidence of the basin west of Russia's Ural Mountains,
which corresponded with the incursion of the Pseudoschwagerina fauna,
ushered in a system in geologic time.

The entire sequence of events
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seems to be altogether normal Pennsylvanian (Upper Carboniferous)
events.

There are., very likely, complex facies relationships, both

biotic and lithologic.

The great spanse of time represented by the

Artinsk facies does not effectively support "earth-shaking" tectonic
movements that one might expect to close a system.

Ho profound

change in the marine organisms has yet been demonstrated across the
Pennsylvanian-Permian boundary; all point rather, to an orderly
sequence of evolution.
If one were seeking a fusulinid boundary, the top of Dunbar's
(19^0, p. 26 6 ) Fusulina zone would seem perhaps more appropriate.

Here

is a time of great dying and certainly a major event in the history of
the earth.

If the Schwagerina complex evolved from the Triticites

stock, as indicated by many paleontologists, it seems likely the
Pseudoschwagerina zone represents a period of adaptability and diver
sity rather than very difficult times.

The same logic might be

applied to the Parafusulina zone (Dunbar, 19^+0, p. 26 6 ). This zone
seems a far more acceptable boundary than the Pseudoschwagerina zone.
The Parafusulina zone corresponds to the Artinskian Series
(Artinsk facies only in part) of Russia.

As previously stated, the

Artinskian was added to the Russian Permian by Karpinsky in 1889 as
a result of his studies of the ammonites.

Dunbar (19^0, p. 275)

summarizes the work of Karpinsky as follows:
"The Artinskian was added to the Permian by Karpinsky
in 1889 , as a result of his monographic study of the
ammonites. Although no ammonites occur in the Kungurian,
Kazanian, or Tartarian beds, they were by this time known
in other parts of the world in beds accepted as undoubtedly
Permian. While Karpinsky recognized that the Artinsk
ammonites had their source in Upper Carboniferous types,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

66

and while he considered them transitional to the more
advanced types of the admitted Permian, he stated his
opinion that if either the Carboniferous or the Permian
system was to be extended to embrace these transition
beds, it should be the Permian, because the greater
faunal change occured below the Artinsk. This opinion
prevailed and the Artinskian has since been generally
accepted as Permian. "
Tschernyschew in his monograph of the brachiopods (heralded
by authors as "great", "monumental", etc.) had assigned all these
beds to the Carboniferous (Dunbar, 19^-0, p. 2jh).

Dunbar reports

that "Beede made a critical analysis of Tschernyschew's faunal dis
cussion (and) pointed out that he had mixed undoubted Carboniferous...
with younger faunas, and that the latter included numerous genera
otherwise restricted to the Permian".

Dunbar also points out (1 9 UO,

p. 27^-275) "that some of Tschernyschew's largest and best collec
tions... were really from the Pseudoschwagerina zone and not from the
higher beds".

This then, according to Dunbar's views, must be Permian

and Tschernyschew's brachiopods are considered facies fossils which he
had mixed up anyway.

Could this man have been so ignorant he did not

know where he had collected what?

Is it not entirely possible that

he honestly considered all of these beds to belong in the Carboniferous
and that his collections were not hopelessly mixed?
It Is obvious that diversity in the placement of the Upper
Carboniferous (Pennsylvanian) - Permian boundary by various workers,
not only in far off parts of the world but within small regions, and
the discordance in definitions employed, are sources of mass confusion
and needs to be avoided.

To this end a committee of the American Asso

ciation of Petroleum Geologists was appointed to make recommendations
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of classification and nomenclature of Permian rocks in North America.
The recommendations of the committee were published in the February,
19UO issue of the Bulletin of the American Association of Petroleum
Geologists.
Briefly stated, their (Tomlinson and others, 19^0, p. 3393b0) recommendations, in part, were: "Permian rocks of the world

should be recognized as constituting an independent geologic system,
rather than a subdivision of a system".

This opinion was arrived at

by the committee because a majority of world usage recognizes systemic
rank for the Permian.
"As an aid to satisfactory definition and correlation of
major subdivisions of the Permian system in North America, a suitable
Permian section on this continent (North America) should be recognized
as a standard of reference."
"A standard section of a system should possess the following
characters. — It should be fossiliferous, marine; as complete as
possible...".

The selection of wholly marine strata as a Permian

standard of reference for North America, does not, in the opinion of
the writer, represent the best interest of science in resolving the
classification and nomenclatural problems which abound in the Permian.
"The zone of Pseudoschwagerina and Properrinites should be
recognized as comprising the lowest part of the Permian system."
This zone, as discussed in the preceding pages, was not a part of the
Permian as originally defined nor is it accepted as Permian by many.
It is widely used as the base of the Permian, but only through tra
dition.
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The important paper by Raymond C. Moore (19 U0 ), Carbo
niferous -Permian Boundary, is very enlightening on past usage of
Permian nomenclature and his reasons for accepting the Pseudoschwagerina zone as the base of the Permian, although, as late as
1933> he advocated assigning the entire Permian to the Pennsylvanian
(Moore, 1936).
Moore

p. 29^-295) presents an impressive list of

citations, which he says "might readily be made much longer", which
leave no doubt as to the then current usage of the Permian boundary
by European geologists.

The unanimity of usage in the references

given by Moore clearly shows that the Pseudoschwagerina zone is
interpreted as Upper Carboniferous.

The basis for this definition

has undoubtedly been the opinion of Russian authorities, particularly
Karpinsky and Tschernyschew.

Dunbar (personal communication to R. C.

Moore, September 1^, 1939 and quoted by Moore, 19^0, P- 296 ) however,
"emphasizes the inaccuracy and unreliability of the stratigraphic
concepts underlying the statements as to the post - "Schwagerina"
pre-Artinsk position of the Lower Permian boundary".

He wrote to

Moore:
"It is important to remember and to make clear that
the traditional boundary between the Schwagerina zone and
the Artinsk was not a time boundary but a boundary be
tween two facies, and that the limestone facies of the
Artinsk was being classified as Carboniferous while the
detrital facies was called Permian. This is important
because it shows how unsatisfactory the criteria were
upon which that boundary was drawn. Likewise, while
there may be some merit to citing the several big works
that accept this boundary, it is also important to realize
that, between 1902 and about 1920 , no critical work what
ever was done on this problem and all of the general
treatises cited by you rest on the same mistakes and are
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merely a repetition of a fallacy. In such, a case, repe
tition does not strengthen the contention.”
It is true that repetition does not strengthen a conten
tion.

That being the case, there seems no reason to continue to

accept the zone of Pseudoschwagerina as the base of the Permian in
America for this can be regarded as nothing other than a pure con
tention.

It has been handed down by tradition; is entirely arbitrary;

and it is in conflict with the recognized base of the Permian in the
type section of Russia, which is itself subject to serious question.
Finally, in summation of the foregoing remarks, it is
reasonable to conclude the following:
1.

In its type area the Permian is not separable from the

Upper Carboniferous (Pennsylvanian) by any profound faunal or physical
break.
2.

There appear to be no pronounced faunal or physical

breaks within the Permian (expanded) which point to an obvious
systemic boundary.
3 . There are many complex stratigraphic facies within the

type Permian which are, as far as is known outside Russia, still
little understood.
k.

The upper boundary of the Permian, as originally

defined, is in conflict with the Triassic.
5.

Any further revision of the boundary downward will do

violence to the Upper Carboniferous (Stephanian) of western Europe
and other parts of the world.

If the work of Ting and Grabau (1936a,

1936 b) is valid, this violence has already been done, although
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apparently ignored by invertebrate paleontologists.

Their (Ting

and Grabau) ■work has demonstrated the Stephanian to be the continental
equivalent of the Pseudoschwagerina zone.
6.

A significant number of eminent geologists have pro

posed, or followed the proposal, that the appearance of Pseudo
schwagerina be accepted as the base of the Permian.

This is generally

done in the United States and elsewhere, but literally dozens of
titles of papers may be seen that bear question marks and various
means of indicating uncertainty of age.
7-

The base of the Permian in the type area of Russia, so

far as is known, is accepted as the base of the Artinskian (equivalent
to the base of the Leonardian in the United States).
8. The concept of the Permian system was ill-conceived.

As

originally defined, it probably is not deserving of systemic rank.
Subsequent efforts to justify it, have led only to additional contro
versy and confusion.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CURRENT VIEWS AND EVIDENCE ON THE LATE PENNSYLVANIAN
BOUNDARIES AND THE PENNSYLVANIAN-PERMIAN BOUNDARY
Cridland and others (1963 , p. 60) state:
"Any serious attempt to use American Pennsylvanian plant
fossils as stratigraphic indices must take into account the
great use to which they have been put for this purpose in
the European Upper Carboniferous. Both the Pennsylvanian
of North America and the Upper Carboniferous of Europe have
many species in common and their geologic succession is
similar (Bertrand., 1933s 19351 Darrah and Bertrand., 1933S
Darrah, 1936b, 1937J Jongmans, 1937b., c; Bell, 1 9 ^ Bode,
1958; Bhardwaj, i9 6 0 ; Hacquebard et al, i9 6 0 ). According
to Bode (1958), the differences that do exist are no greater
than the differences existing between several European coal
basins. The classification of the Upper Carboniferous which
is widely used in Europe is based principally upon agreement
reached at a congress on Carboniferous stratigraphy held at
Heerlen in the Netherlands in 1927 (Jongmans, 1 9 2 8 ), with
slight modifications at a later congress (jongmans and
Gothan, 1937)- ••• This classification is based upon the
recognition of goniatite zones, which can be used in rela
tion to well-defined plant zones and zones of other animal
fossils. Excellent summaries of the goniatite and plant
fossil zones are given by Gothan and Remy (1957.? Tables 3
and 5). Goniatites are stressed in this classification
because they furnish the best basis for international
correlation of Carboniferous strata. Fossil plants are
particularly useful for correlating Carboniferous rocks in
regions where there are no intercalated marine sediments,
as in the isolated limnic basins of central France (Jongmans,
1937b, p. 3 6 9 )- In correlating the Upper Carboniferous of
Europe and the Pennsylvanian of North America, plant fossils
are of particular value. In America, goniatites are much
less widely distributed than in Europe, and foraminifera
(particularly fusulinids), brachiopods, and crinoids are
used much more extensively for correlation (Moore, 1937j
Trueman, 19^-6; Cooper, 19^7j Bode, 1958). Although it is
quite clear that a zonation of plant fossils similar to that
found in Europe can be recognized in the U. S. A., an
alternative zonation has been proposed by Read (in Moore
et al, 19^-; Read, 19^-7j Bead and Mamay, 1956, i9 6 0 ). This
zonation bears some resemblance to one published by Darrah
(1937) based partly upon the works of David White. Read's
classification has been criticized by Bode (1958) as it
ignores some obvious similarities which exist between
European Carboniferous and American Pennsylvanian plant
assemblages. In Read's papers there is no comparison with
previous European work on the classification of the Upper
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Carboniferous, nor is an y comparison m ade w i t h previous
attempts at correlations between E u r o p e a n Carboniferous
a n d North Am e r i c a n Pennsylvanian rocks b a s e d on plant
fossils.
R ead stresses r e l a t i v e l y little k n o w n American
species, of perhaps only local significance, a n d includes
the tw o nomina n u d a , Neuropteris tennesseeana and
Alloiopteris inaequilateralis. In our study of Kansas
Pennsylvanian plant fossils w e have found that it is m u c h
easier t o use the European classification.
Some d i f f e r 
ences between the plant successions in Europe and North
A me rica do occur, but these are not sufficient to m a s k the
great number of s imilarities."
This quotation indicates a nece s s i t y fo r considering all
possible data before concluding the geologic age of the Dunkard
strata.
In other parts of the same paper t h e y indicate that most
of the plant species occurring in the Kansas Pennsylvanian are
c learly of the types w h i c h occur in the upper part of the W e s t 
phalian a n d in the Stephanian of Europe.

T h e y report that plants

occurring as low stratigraphically as the Cabanlss Formation (middle
Desmoinesian) are comparable w i t h the Eu r o p e a n Westphalian D.
further report

They

(p. 6 2 ) that it is not until the Stanton limestone

(Lansing Group, Missourian Stage), the Stranger formation a n d the
Lawrence shale (both Douglas Group, Y irgilian Stage) are reached
that Stephanian plants become conspicuous elements in the Kansas
fossil assemblages.
T h e y continue,

!t... m a n y plants not u s u a l l y f o u n d above

W e stpha l i a n D in the classical Carboniferous areas of northeastern
Europe, persist into rocks containing definite Stephanian plants.
Of these, Neuropteris ovata a n d N.

scheuchzeri, both of w h i c h occur

a bundantly throughout the Kansas P e nnsylvanian System, are the most
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conspicuous.” They cite a number of other fossil plant species
with similar overlap and summarize the problems arising from use
of the European Westphalian-Stephanian boundary as follows:
"The change in the content of plant assemblages which
occurs between Westphalian D and Stephanian rocks is
generally regarded as fairly clear because, historically,
it is best known from the Saar Basin (Bode, 1936; 19^1;
1956; Corsin, 1952; Guthorl, 1952), where the Westphalian
D boundary is drawn at the Holz Conglomerate. Westphalian
species vanish abruptly at this boundary and immediately
above the Holz Conglomerate there is a pure Stephanian
flora lacking typical Westphalian forms, Neuropteris
ovata, frequently regarded as an infallible index fossil
for Westphalian D (Bode, 1956, 1958), is the most notable
species to disappear at this boundary. This abrupt change
from Westphalian to Stephanian plant assemblages instead
of a gradual transition is, of course, quite unnatural and
reflects the unconformity which the Holz Conglomerate must
represent. In other regions of Europe a gradual transi
tion has been demonstrated between plants characteristic
of Westphalian D and those characteristic of the Stephanian.
These transitional plant assemblages are known in France
from the Gard Coal Basin (Bertrand, 1937; Bertrand and
Pruvost, 1937; Pruvost and Corsin, 19^-9), "the Jura Moun
tains (Greber, 195*0 and the Mure Coal Basin (Bouroz, 1952);
from Turkey and the Donetz Basin of Russia (Zalessky, 1909;
Jongmans, 1952, p. 297), the South Wales Coalfield (Dix,
1937; Trueman, 19^6) and from the Spanish Coalfields (Wagner
and Breimer, 1958; Wagner, 1959, be Alvarado, 1952, p. 12;
Jongmans, 1951, p. 322, p. 32*0discussing Bertrand's
(1937) and Corsin's (Pruvost and Corsin, 19^9) treatment of
the Gard Basin, Bode (1958) suggests that it is wrong to
assign the strata which contain Neuropteris ovata to any
thing but the Westphalian D, and that the boundary between
Westphalian D and the Stephanian should be taken as the
last appearance of Neuropteris ovata. Our study shows that
this criterion certainly cannot be used in Kansas, while
the works cited above indicate that it cannot be applied
to regions of Europe other than the Saar Basin. In Kansas,
N. ovata occurs in Pennsylvanian rocks containing Walchia
and Taeniopteris, plants which only begin their occurrence
quite high in the Stephanian of Europe. Sellards (1 9 0 8 )
has even reported Neuropteris ovata along with Walchia and
Callipteris conferta in the Winfield Limestone, a formation
of undoubted Permian age. Re-examination of Sellards'
specimens has shown that they are poorly preserved and
fragmentary, with great variation in size and shape of the
pinnules, such that we cannot confidently assign them to
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Neuropteris ovata. However, we have collected an iso
lated pinnule which is probably Neuropteris ovata in the
Permian Stearns Shale of the Council Grove Group.
Neuropteris scheuchzeri is another typical Westphalian
plant which Sellards (1 908 ) reports from the Permian of
Kansas. Although re-examination of these specimens has
failed to reveal the presence of hairs on the pinnules,
and there are no associated cyclopterid pinnules, the
overall shape and size of the pinnules suggests that they
are correctly determined. It is interesting to note that
Neuropteris ovata and N. scheuchzeri have also been ob
served in the Permian rocks of West Virginia (jongmans,
1937 c; Bode, 1958)."
Bode (1958) has collected plant fossils from West Virginia
including collections from the Upper Freeport coal (boundary between
the Allegheny and Conemaugh Groups) which contains a typical West
phalian D flora but which also includes fossil plants which Bode
(1958) regards as Stephanian precursors.

Cridland and others (1963 ^

p. 6 5 ) state, "There can be no question of anything but equivalence
of this plant assemblage with Westphalian D".

Abbott (1950) lists

plants from the Upper Freeport coal in Athens County, Ohio which
includes Sphenophyllum oblongifolium and S. longifolium, both typical
of the European Stephanian (Cridland and others, p. 6 5 ).
Cridland and others also report (p. 6 5 -6 6 ), "In the
upper part of the Conemaugh Series, in the Clarksburg
Limestone, typical Stephanian plants (including Walchia)
occur, which are not associated with anything indicating
a younger age (Darrah, 1938 a). At a higher level, when
the Pittsburgh Coal at the Conemaugh/Monongahela boundary
is reached, plants characteristic of Stephanian rocks of
Europe occur: Odontopteris spp., Sphenophyllum oblongi
folium, and Callipteridium pteridium, which are associated
with typical Westphalian forms (Bode, 1958 ). Bode (1958)
suggests that the Pittsburgh Coal can be correlated with
Westphalian D of the European Upper Carboniferous. He did
not find Neuropteris ovata at this horizon, nor was it
seen at any other Monongahela horizon, but its absence was
regarded as fortuitous, since it is found in great abun
dance above the Washington Coal in the lower part of the
Dunkard. We suggest that the Pittsburgh Coal can be
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correlated with the transitional region between Westphalian
D and Stephanian plants which occurs in Kansas above the
Cabaniss Formation.
Many fossil plants are known from the Waynesburg Coal.,
principally through a work of Fontaine and White (l880)
which is now much in need of revision. In this flora
there are species characteristic of Stephanian rocks of
Europe: Sphenophyllum oblongifolium, species of Odontopteris, Callipteridium, an abundance of pecopterids,
taeniopterid leaves (one of which is judged by Cridland
and Morris (i9 6 0 ) to be comparable with Spermopteris
coriacea), and subsigillarian Sigillaria. Bode (1958),
from an independent collection of fossils from the
Waynesburg Coal, also points to its Stephanian aspect.
There is little reported in this plant assemblage that
suggests a Westphalian age, the most notable exception
being Neuropteris scheuchzeri, but even this occurs in a
modified form (see Bode, 1958) which is only known from
the Dunkard Series. Nevertheless, Neuropteris ovata does
occur in abundance higher than the Waynesburg Coal, in
the roof shales of the Washington Coal, at the top of the
Washington Formation (Bode, 1958)- Tbe presence of
taeniopterid leaves, and other Stephanian plants from the
Waynesburg Coal suggests some comparison with the plant
assemblages from the Stanton Limestone, the Stranger
Formation, and the Lawrence Shale in Kansas, where similar
plants occur. In these formations in Kansas, many typical
Westphalian plants also occur, which suggest that they are
somewhat older than the Waynesburg Coal.
The plant fossils which Bode (1958) has seen from
strata higher than the Waynesburg Coal (Washington A,
Hundred, Hostetter, Nineveh A, and Lower Rockfort Coals)
are, with the exception of Neuropteris scheuchzeri, all
of a Stephanian aspect, but beds of fossil plants are not
very abundant or accessible in the upper part of the
Dunkard Series, and the presence of undoubted Callipteris
as low as the Washington Coal suggests that these rocks
may easily be Permian. Callipteris from the Washington
Coal was originally reported as C. conferta, the Permian
index fossil by Fontaine and White (1880) and the specimen
they illustrate in pi. XI, fig. 1, certainly looks as if
it is correctly determined. Bode (1958) has examined some
specimens of Callipteris collected from the same locality
by David White. He is certain that they are Callipteris,
but he suggests perhaps they are C. lyratifolia instead of
£. conferta."
In the above quotation, comparison is made between the
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plants of the Waynesburg coal (Cassville shale), the roof shales of
the Washington coal (incorrectly placed at the top of the Washington
formation), the Stanton limestone., the Stranger formation and the
Lawrence shale.

Cridland and others conclude "In these formations

in Kansas, many typical Westphalian plants also occur, which suggest
that they are somewhat older than the Waynesburg coal".

A number of

Westphalian plants were recently reported by Hennen (1 9 6 8 , p. 18-19)
who includes Sphenophyllum majus, Mariopteris sp., Neuropteris ovata
and N. scheuchzeri, all of which are considered "typical" Westphalian
D plants.

The comparison of the Cassville shale flora with that of

the Stanton limestone is probably more valid than Cridland, Morris
and Baxter thought.

Hennen (1 9 6 8 , p. 2 9 ) reports that Neuropteris

ovata is "the most common element in the flora collected from the
Dunkard

" and says that the species occurs as high as the Dunkard

coal in the Greene formation.

The suggestion of previous authors

that Neuropteris ovata does not occur above the roof shales of the
Washington coal is thus in error.

Consequently, the "infallible"

Westphalian D index fossil of Bode (1958) considerably overlaps the
earliest occurrence of the "infallible" Permian index fossil
Callipteris conferta.
Cridland and others (1 9 6 3 , p. 6 3 ) state "Recently Bode
(i9 6 0 ) has acknowledged the existence of gradual tran
sitions between Westphalian and Stephanian plant assem
blages. He suggests that because of these transitions the
whole zone of Neuropteris ovata should now be included in
the Stephanian. This point of view places far too much
emphasis on a single species and leads to a considerably
cruder classification".
Obviously then, the total assemblages must be critically
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evaluated, and used in defining Stage, Series and System boundaries.
The practice of defining these boundaries on a single "infallible"
species has proven ill-conceived and should perhaps be abandoned.
An example of the result of this practice is the placement of the
Westphalian D boundary at the Washington coal of the Dunkard Group
by Bode (1 9 5 8 ).

The same horizon is reported to contain Callipteris

conferta and therefore placed with certainty into the Permian by
some.

This, of course, would exclude all the Stephanian from the

Appalachian basin and would necessitate the presence of a great
unconformity, one for which there is not a shred of evidence.

The

alternative offered by Bode to assign the whole zone of Neuropteris
ovata to the Stephanian is equally unacceptable as pointed out by
Cridland and others (1 9 6 3 ).
It is now accepted that the Dunkard strata were deposited
during a long period of time, uninterrupted by major periods of
erosion and/or nondeposition.

There are, therefore, as might be

expected, long enduring transitional zones represented by overlap
of the "typical" floras that defy age assignment by a single index
species.
R. H. Wagner has reported upon the Stephanian megaflora of
northwest Spain on a number of occasions (see bibliography).
Wagner's works have clearly demonstrated that Neuropteris ovata
lived long after Westphalian D time and that it extends into the
Stephanian C of Spain.

He has also shown (l96ha) that Neuropteris

scheuchzeri ranges upward into the Stephanian and that there is an
intermingling of Westphalian D and Stephanian species.

Kremp
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(196bj p. 3 ) has reported Neuropteris ovata from the Stephanian C of

the Saar basin, Germany.
Wagner and Alvarez-Ramis (1967) have reported the genus
Mariopteris from upper Stephanian B and lower Stephanian C age
strata.

They state (p. 703) that this "...clearly disproves the notion

that this genus became extinct at the end of Westphalian or, at the
latest, at the’beginning of Stephanian times".

Hennen's (1968, p. 28)

report of Mariopteris from the Dunkard is here considered to be an
additional report of Mariopteris from the Stephanian.
Bharadwaj (i960) made a substantial contribution when he
assembled much of the then available "Sporological evidence on the
boundaries of the stratigraphical subdivisions in the Upper Pennsyl
vanian strata of Europe and Worth America" and suggested corresponding
boundaries.

In the i9 6 0 paper he assigns the Lower Rotliegend to the

Upper Carboniferous.

He reports (p. 33)> "Recently Bhardwaj and

Venkatachala (1958) have shown that the Kuseler Schichten, the lower
most part of the Lower Rotliegend (Autunian) in Pfalz, is microfloristically akin to the uppermost subdivision (Stephanian C) of
the Upper Carboniferous rather than the microflora of the younger
strata of Lower and the Upper Permian.

Thus the Kuseler Schichten,

whose microflora lacks all spore genera characteristic of Permian
age, could preferably be included in the Upper Carboniferous".
Bharadwaj (p. 3 8 ) discusses the Dunkard spore genera as
given by Cross and Schemel (1952) in their general sporological survey
of Appalachian coals.

As noted by Bharadwaj, the information regard

ing the Sporae dispersae of the Dunkard was far from complete, but
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seemed to him to be assignable to the Stephanian C.

He stated the

most useful information given by Cross and Sehemel (1952) was the
presence of Triquitrites and the absence of Lycospora in the Dunkard.
As pointed out by Bharadwaj, this is the opposite of the spore flora
of the Stephanian C of the Saar basin, but he thought it acceptable
because possible Stephanian C strata of the Kaiping basin in China
has Lycospora and Triquitrites occurring together as they do in the
Westphalian D.

In the index spore assemblages presented by him, how

ever, he considers the presence of Triquitrites and the absence of
Lycospora characteristic of the Stephanian A and B- Apparently he
did not assign the Dunkard to the Stephanian A or B because it had
historically been designated otherwise-

He cites Darrah (1935) as

having called it "partly Stephanian and partly Lower Rotliegend
(Lower Permian)...".

Since he had assigned the Lower Rotliegend to

the Upper Carboniferous it was therefore reasonable to also assign
the Dunkard to the Stephanian C.
Bharadwaj and Venkatachala (1958; P* 10; table 5) show what
they consider to be the Upper Carboniferous-Permian boundary in Pfalz
(W. Germany) occurring between the Kuseler Schichten (Upper Carbo
niferous) and the Lebacher Schichten (Permian).

They show the

Lebacher Schichten to be "predominantly coniferous Sporae dispersae"
and the underlying Kuseler Schichten as "predominantly non-coniferous
Sporae dispersae". A "predominantly coniferous Sporae dispersae"
situation is by no means reached in the Dunkard strata.

If this is

to be utilized as a criteria for establishing the base of the Permian,
then the Dunkard, Virgil and Council Grove strata may all be excused

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

from consideration as Permian for this situation is not met with, in
the present study, in strata younger than the Wymore shale, Chase
Group.
Barss and Hacquebard (1 9 6 7 ) in their study of the Pictou
Group in the Maritime Provinces of Canada have presented data that
have great significance to the present study.

They recognize five

spore zones within the Pictou Group and have designated them, in
ascending order, "Vestispora zone", "Torispora zone", "Thymospora
zone", "Potonieisporites zone", and "Vittatina zone".

They state

(p. 275) "the five zones ... are recognizable throughout the Maritime
region".

The present study has shown that at least the two upper

zones are also recognizable in the mid-continent area of the United
States.

The "Vittatina zone" is not recognized in the Appalachian

area because the strata there are all assignable to an older age.
Barss and Hacquebard (p. 2 7 6 ) consider their "Potoniei
sporites zone" as "...one of transition between Westphalian and
Permian".

They state, "The first appearance of multi-striped two

bladder forms together with the typical Westphalian species
characterizes this zone.
in age".

It is subsequently considered Stephanian

Their uppermost zone, the "Vittatina zone", which they

consider (p. 2 7 6 ) to be Permian in age "is characterized by the
prolific occurrence of the Disaccate Striatiti, represented by Protohaploxypinus sewardi, P. cf. jacobii, and others of this genus.

Also

prominent are species of Striatoabietites, Striatopodocarpites and
Vittatina, especially V. costabilis. According to Hart (1 9 6 5 ), it
is this explosive evolution of the Disaccate types that is the
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fundamental difference between the Carboniferous and Permian".
evolutionary burst is also discussed b y Staplin an d others
In

This

(1967 ).

the present study., the earliest occurrence of Vittatina

costabilis, as well as the genus Striatoabietites, has been recorded
in the basal portion of the Wellington shale.

This is precisely the

position selected by Branson (l962d, p. U3 1 ) as the most desirable
boundary between the Pennsylvanian-Permian (Herrington limestoneWellington shale contact).

Recently Branson (1969 , p- 8 6 ) again

expressed his opinion "...that the assignment of the Gearyan to the
Permian is tenuous; it may prove to be Pennsylvanian".
Kremp (1955) raised some interesting questions regarding
the distribution of Lycospora in America which are, in part at least,
He states (p. 6 ), "Cross and Schemed,

answered by the present study.

Fig. if- (1952) showed that the genus Lycospora disappears in the lower
part of the McLeansboro in Illinois.

If the floras of Worth America

and Germany are truly similar, Lycospora should disappear in Germany
in the Lower Stephanian beds of comparable age.

We were, however,

able to find Lycospora in the Stephanian C beds which correspond to
the uppermost Pennsylvanian.

This discrepancy left us very perplexed.

The problem was discussed with some American authors but an answer
could not be found".
Kremp also discusses the occurrence of Lycospora in the
upper Pennsylvanian of the Kaiping basin in China as r eported b y
Imgrund a n d states (p. 6) that

"he f o u n d a great similarity between

the various Paleozoic spore floras of the northern Hemisphere", an d
that "Bhardwaj w a s able to present a clear account of the relations
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of spores to Saar stratigraphy in which a number of spores were found
useful as zone fossils. ... It can be seen that Lycospora disappears
at the end of Westphalian D in the Saar Basin and reoccurs in the
Stephanian C".
Kremp continues, "Wow it would be of great interest to
know whether or not the genus Lycospora also reappears in
the upper part of the Monongahela Series, in the Dunkard
Series and in corresponding horizons. If Lycospora does
reappear, it would constitute a very important link be
tween the upper Pennsylvanian of Europe and America. One
would like to hope that species of the genus Lycospora
might have, in this upper part of the Pennsylvanian, the
same stratigraphic importance as the species of Densosporites, Lycospora and other genera in the lower part of
the Pennsylvanian".
The present study has shown that Lycospora does occur,
although sporadically, in the Dunkard strata and that it is also
represented in the Virgilian and Gearyan Stages in Kansas with the
youngest observed occurrence in the Havensville shale, Chase Group.
The occurrences of Lycospora in the late Pennsylvanian of America
are, therefore, here established and considered to correspond to the
reported occurrences in Europe and Asia.

The recurrence of Lyco

spora, the culmination of monolete spores and the appearance of
bisaccate, striate forms are together taken as positive evidence of
the Stephanian age of the Dunkard, Virgil and Council Grove strata
of the present study.
In discussing the chronic problem of delineation of the
Pennsylvanian-Permian boundary, Kremp and Ablauf (1 9 6 2 ) report upon
a paper concerning the Donetz basin where the fusulinid boundary has
been identified 1 ,3 0 0 -1 ,9 0 0 meters (k,2 5 0 -6 ,2 5 0 feet) above the plant
boundary.

Such gross correlation must obviously be improved upon.
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Kremp also reports (196k, p. 6 ), "there might he a lapse of several
million years between the time Callipteris conferta lived and the
time the fusulinids of the Pseudoschwagerina zone appeared".

Kremp

has recognized the opposite situation from the Donetz basin in Texas
and South Dakota where he has reported

spores as Permian from

continental deposits found among beds considered Carboniferous on
the basis of marine invertebrates.

The present study offers another

situation., for typically late Pennsylvanian spore assemblages have
been recovered from beds reported to contain Callipteris conferta.
In his discussion of the unsolved problems of the earth's
history during the Permo-Carboniferous ice age, Kremp (19 6 U, p. l)
states:
"in recent years, stratigraphic palynology has developed
to such a degree that chances for success of research on
the Permo-Carboniferous ice age are much better. However,
palynologists are seriously hampered in their stratigraphic
interpretations because of a confusion in the criteria used
to separate geologic systems. A universally accepted agree
ment was believed to have existed for marking the boundary
line between the Carboniferous and Permian systems. However,
it appears that in actual practice the demarcation line is
drawn at two different dates several million years apart.
The dates are constantly confused with each other. The
first date is based on research in continental deposits on
Callipteris conferta, a plant fossil chosen as marking the
base of the Permian. The other date is based on research
in marine deposits and correlations with fusulinids as
indicators. Stratigraphers face difficulties since it has
been discovered that the fusulinids lived several million
years later than the plant."
Kremp discusses (p. 1-5) in considerable detail how the
above confusion arose.

Since this problem has been discussed else

where in the present report, it need not be repeated at length here,
but previous statements will be amplified by inclusion of some of
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Kremp's observations.

Kremp reports (196 ^, p. 2), "Callipteris conferta
Brgt., the leafy remains of a seed fern, came into use
by paleobotanists and stratigraphers as a time marker
for dividing the continental deposits of western Europe.
They were chosen because they were found associated with
coal seams in many locations. Continental formations of
other countries have been correlated since then by
Callipteris conferta. Strong criticism of the selection
of Callipteris conferta as a time marker arose. The
fossil lists (Tables 1 and 2 of Kremp 196 U, p. 3) show
how few organ-species of leaves could be used to separate
the Stephanian from the Autunian because most Stephanian
fossils persist. All the genera mentioned were in exist
ence during both periods".
He continues:
"it is difficult to delineate Callipteris conferta
leaflets from other similar plant remains. Leaflets
ascribed to the genus Callipteris occur not only in
Permian deposits but also in some of Stephanian age.
Other similar leaflets, ascribed to other genera, i.e.,
Alethopteris, existed at the same time interval."
and>
"Callipteris conferta is an extremely facies-bound
fossil. It is more or less restricted to the coal shales
of the Euro-American flora province. Nowhere in western
Europe can a connection between Callipteris conferta and
marine fossils be established. This is a most serious
short-coming".
The Schwagerina moelleri version of the CarboniferousPermian boundary (originally developed for marine deposits of the
Ural region) is also discussed by Kremp.

He states (p. ^-5):

"For late Paleozoic marine deposits, fusulinids are
considered among the most valuable index fossils. These
and associated ammonites and brachiopods evolved rapidly
during the late Paleozoic period. They were widespread
and therefore useful for correlation of marine beds. The
fusulinids appear to have better guide fossil qualities
than the seed fern leaflets. However, they are not ideal
time markers, either.
Taxonomic and identification difficulties have arisen
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with the use of Schwagerina moelleri as a time marker.
At least some of the American fusulinid specialists are
convinced that their fusulinids of the Pseudoschwagerina
zone are in time equivalent to the Schwagerina moelleri
type. ... However, Fomichev (i9 6 0 , English translation
published in 19 ^2 ) said in his discussion of the fusulinids:
"There are almost no common forms of fusulinids in the
lower portion of Permian sediments in the U. S. A. and in
Europe." He continues: "The boundary between the Carbo
niferous and Permian systems drawn in the U. S. A. closely
corresponds to the ... base of the Artemovsk complex of
deposits, as seen from the works by F. Kahler ... (1939)*
R. C. Moore — (1937)^ R* C. Moore and M. K. Elias ...
(1937)^ M. L. Thomson ... (195*0 > and others."
According to Fomichev, the base of the Artemovsk com
plex lies in the Donetz basin stratigraphically 1 ,3 0 0 m or
1,900 m below the Schwagerina moelleri horizon.
The fusulinids of the Schwagerina group are facies-bound
almost in the same way as Callipteris is. With the excep
tion of finds in Bolivia and Peru, they are restricted to
certain types of marine deposits of the northern hemisphere.
They are absent from all continental deposits."
Kremp (p. 5) concludes:
"In many cases it might be more convenient and practi
cal to draw the demarcation line between the Permian and
the Carboniferous at the horizon which Soviet geologists
and marine invertebrate paleontologists have picked. On
the other hand, it might be more justified to hold on to
the Callipteris conferta version because it is the oldest
of the two rival versions and has, therefore, priority.
In any case, an international agreement about which time
marker shall be used must be reached and honored by geolo
gists. "
and (p. 6 ),
"as the confusion between the Pseudoschwagerina version
and the Callipteris conferta version shows, stratigraphers
still need a cosmopolitan fossil to directly correlate
continental deposits with marine deposits. Palynology has
perhaps the most cosmopolitan of fossils in the ubiquitous
spores and pollen which settle out from transporting winds
over both land and sea."
It seems obvious that before the chronic PennsylvanianPermian boundary problem can be resolved a vast amount of data will
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have to he available to demonstrate equivalance in time of continental
and marine deposits.

Palynology has the potential to provide these

data and it seems reasonable to assume that a sufficient number of
well documented works will be forthcoming in the future to enable
this problem to be resolved to the satisfaction of both vertebrate
and invertebrate paleontologists as well as paleobotanists.

Perhaps

fortunately, data presently available do not favor either the plant
or animal boundaries currently in vogue.

Compromise is clearly going

to be necessary but a solution to this too-long enduring controversy
is urgently needed.
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RESULTS OF ANALYSES
All maceration numbers used in the following pages are West
Virginia Geological and Economic Survey maceration numbers and are,
in this section of the present report, hereafter referred to only by
number and other information as required for clarity. .The maceration
numbers are listed in Appendix I along with the geographic and strati
graphic locations and other pertinent data.
The lowermost bed of the Dunkard group is the Cassville
shale.

One sample of Cassville shale, maceration no. 3^89^ bas been

found relatively poor in both quality and quantity of palynomorphs.
The sample prepared for this study has yielded the following:
Spores

Relative Abundance
1°

Microreticulatisporites sulcatus
Schopfipollenites sp. (one broken specimen;
fragment)
Laevigatosporites dunkardensis
Convolutispora venusta
Cyclogranisporites aureus
Fabasporites spp. (abundant, not counted)
Florinites florini
Florinites mediapudens
Laevigatosporites desmoinesensis
Laevigatosporites medius
Laevigatosporites minimus
Laevigatosporites ovalis
Leiotriletes parvus
Lophotriletes microsaetosus
Punctatisporites parvipunctatus
Punctatosporites minutus
Thymospora sp. A
Thymospora pseudothiessenii
Thymospora thiessenii
Verrucosisporites sp. A
Vesicaspora wilsonii

0.5
0-5
2.0
0.5
1.0
4.0
1.0
2.0
14.5
9-5
6.0
3-0
4.0
2.0
1.0
3 8 .0

2.0
3.0
^•5
1.0
100.0

Also recorded, in percentages less than O.p^ were:
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Gillespieisporites venustus, Pityosporites sp. A , Pityosporites
westphalensis and Verrucosisporites verrucosus.
Four samples of Waynesburg A coal from the McCurdyville
section have yielded an abundance of well preserved spores.

The

results are as follows:
Maceration no. 3722
Spores

Relative Abundance

1
°

Laevigatosporites medius
Fabasporites spp. (abundant, not counted)
Yesicaspora wilsonii
Laevigatosporites minimus
Punctatosporites minutus
Laevigatosporites ovalis
Gillespieisporites venustus
Laevigatosporites dunkardensis
Raistrickia saetosa
Laevigatosporites desmoinesensis

32.0
8.0
U9 .O
3*5
U.5
1.0
1.0
0-5
0.3
100.0

The Laevigatosporites medius and L. minimus assemblage
overlaps considerably.

Individuals 35 microns or greater in length

were assigned to L. medius; those less than 35; "to L. minimus.
Other spores present, in percentages less than 0.5; include:
Crassispora kosankei, Laevigatosporites vulgaris, Pityosporites sp. A,
Cyclogranisporites aureus, Dictyotriletes muricatus, Schopfipollenites
sp. (single, poor specimen), Tuberculatosporites spinoplicatus,
Thymospora thiessenii, Pityosporites westphalensis, Schopfipollenites
varius, Florinites florini, Laevigatosporites robustus, and Laevigato
sporites sp. A.
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Maceration no. 3723

Spores

Relative Abundance

1o
Fabasporites spp. (numerous, not counted)
Laevigatosporites minimus
Laevigatosporites medius
Vesicaspora wilsonii
Laevigatosporites dunkardensis
Laevigatosporites ovalis
Gillespieisporites venustus

6 7 .5

25-5
1.0
1.0
0.5
100.0

Also present, in percentages less than 0-5: Laevigato
sporites sp. A; Tuberculatosporites spinoplicatus, Pityosporites
sp. A, Cyclogranisporites aureus, Florinites florini, Verrucosi
sporites verrucosus, and Laevigatosporites vulgaris.
Maceration no. 3721+
Spores

Relative Abundance
fo

Fabasporites spp. (vast number of, not counted)
Laevigatosporites medius
Laevigatosporites vulgaris
Cyclogranisporites minutus
Laevigatosporites minimus
Laevigatosporites desmoinesensis
Laevigatosporites dunkardensis
Laevigatosporites ovalis
Vesicaspora wilsonii

1+1+.5
1 .0

0.5
1+9-5
1 .0
1 .0
2 .0

0.5
1 0 0 .0

Other spores present, vrith occurrence limited '
0.5 percent, are: Raistrickia superba, Laevigatosporites sp. A,
Cyclogranisporites aureus, Tuberculatosporites spinoplicatus,
Florinites pumicosus, Florinites similis, Calamospora microrugosa,
Florinites florini, Pityosporites sp. A, and Gillespieisporites
venustus.
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Maceration no. 3725
Spores

Relative Abundance

i

Laevigatosporites medius
Laevigatosporites minimus
Fabasporites spp. (abundant, not counted)
Vesicaspora wilsonii
Laevigatosporites dunkardensis
Laevigatosporites vulgaris
Thymospora sp. A
Leiotriletes adnatus
Punctatisporites parvipunctatus
Laevigatosporites ovalis
Cyclogranisporites minutus
Vittatina irregularis
Pityosporites westphalensis

^7*5
39*0
^.0
^.0
0-5
0-5
0-5
1 .0

1-5
0-5
0.5
0.5
100.0

Spores present in percentages less than 0.5 are: Florinites
similis, Raistrickia saetosa, Potonieisporites sp. A, Florinites
florini, Pityosporites sp. A, Striatopodocarpites sp. A, Florinites
pumicosus, Florinites visendus, Schopfipollenites varius, Gillespiei
sporites venustus, Genus H, Protohaploxypinus sp. A, Punctatosporites
minutus, Endosporites ornatus, Punctatisporites sp. A, Alisporites
zapfei, Potonieisporites novicus, and Wilsonites delicatus.
The most numerous samples collected f rom a given strati
graphic horizon, at a single l o cality for the present study, were
those collected from the Waynesburg B coal and associated strata along
the South Fork of Tenmile Creek near Waynesburg, Pennsylvania.
samples have yielded spores of varying abundance a n d quality.

These
The

results from this section, in descending stratigraphic order, are:
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Maceration no. 3636 (grey to black shale with coaly streaks)

Spores

Relative Abundance

1o
Fabasporites spp. (numerous, not counted.)
Thymospora sp. A
Laevigatosporites medius
Laevigatosporites minimus
Yerrucosisporites verrucosus
Laevigatosporites ovalis
Punctatosporites minutus
Gillespieisporites venustus
Lophotriletes commissuralis
Cyclogranisporites minutus
Calamospora pedata
Punctatisporites obliquus
Leiotriletes gulaferus

U7 .5
19.0
22.5
0 .5

6.0
1.0
0*5
0.5
1.0
0 .5

0.5
0.5
100.0

Also recorded in percentages less than 0.5 were: Protohaploxypinus sp. A, Cyclogranisporites aureus, Dietyotriletes
muricatus, Yerrucosisporites sifati, Raistrickia diversa, Laevigato
sporites sp. A, Raistrickia superba, Raistrickia saetosa, Tuberculatosporites spinoplicatus, Calamospora breviradiata, Thymospora
pseudothiessenii, Cadiospora magna, Calamospora mierorugosa, and
Yesicaspora wilsonii.
Maceration no. 3635 (grey to black shale above coal)
Spores
Laevigatosporites medius
Laevigatosporites ovalis
Thymospora sp. A
Leiotriletes gulaferus
Punctatisporites obliquus
Lophotriletes commissuralis
Laevigatosporites minimus

Relative Abundance
*
0.5
2.5
9^-0
0.5
0.5
0-5
1-5
100.0

The spores present in this residue are, except for the vast
numbers of Thymospora sp. A, in very poor condition.

The analysis
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was, therefore, not continued beyond the 200- spore count.

Most of

the other entities are in such poor condition as to be unidentifiable.
Maceration no. 3^33 (coal)
Spores

Relative Abundance
*

Laevigatosporites ovalis
Thymospora sp. A
Fabasporites spp. (super abundant, not counted)
Pityosporites westphalensis
Laevigatosporites minimus
Laevigatosporites medius
Punctatisporites obliquus
Calamospora pedata
Punctatosporites minutus
Gillespieisporites venustus
Lophotriletes commissuralis
Calamospora parva
Thymospora sp. B
Leiotriletes gulaferus

^•5
76.5
0.5
5-0
7-5
0.5
0.5
2-5
0-5
0.5
0.5
0.5
0.5
100.0

Also recorded, in percentages less than 0.5j "were: Laevi
gatosporites sp. A, Verrucosisporites donarii, Raistrickia diversa,
Verrucosisporites verrucosus, Calamospora microrugosa, Sehopfipollenites varius, Dietyotriletes muricatus, and Cyclogranisporites
aureus.
Maceration no. 3^3^ (coal)
Spores

Relative Abundance

1
°

Cadiospora magna
Gillespieisporites venustus
Leiotriletes parvus
Fabasporites spp. (vast number of, not counted)
Thymospora sp. A
Laevigatosporites medius
Laevigatosporites minimus
Laevigatosporites ovalis
Punctatisporites parvipunctatus
Lophotriletes commissuralis
Punctatosnorites minutus

0.5
0.5
0.5
31*0
27-5
2^.5
9-0
1.0
1-5
2.5
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Spores

Relative Abundance
1o

Cyclogranisporites minutus
Calamospora pedata
Laevigatosporites dunkardensis

0-5
0-5
0.5
100.0

The following spores are present in percentages less than
0.5: Laevigatosporites sp. A, Calamospora microrugosa, Raistrickia
saetosa, Cyclogranisporites aureus., Raistrickia diversa, Crassispora
kosankei, Schopfipollenites sp. A, Verrucosisporites donarii, Granulatisporites cf. adnatoides, Tuberculatosporites spinoplicatus, and
Schopfipollenites varius.
Maceration no. 3628 (shale parting, grey)
Spores

Relative Abundance

1o
Fabasporites spp. (abundant, not counted)
Laevigatosporites ovalis
Laevigatosporites medius
Laevigatosporites minimus
Thymospora sp. A
Verrucosisporites microtuberosus
Triquitrites minutus
Raistrickia saetosa
Punctatisporites parvipunctatus
Punctatosporites minutus
Laevigatosporites dunkardensis
Verrucosisporites donarii
Laevigatosporites robustus
Gillespieisporites venustus

Additional spores present,
include: Cadiospora magna,

1.0
6-5
7-0
8 0 .0

1.0
1.0
0-5
0.5
0.5
0-5
0.5
0.5
0-5
100.0

but in percentages less than

0.5

Calamospora breviradiata, Calamospora

hartungiana, Verrucosisporites verrucosus,

Calamospora microrugosa,

Cyclogranisporites aureus, Vesicaspora wilsonii, Dietyotriletes
muricatus, Calamospora pedata, Raistrickia diversa, Verrucosisporites

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

9b
sp. A, Raistrickia superba, Leiotriletes gulaferus, Thymospora
pseudothiessenii, Cyclogranisporites minutus, Laevigatosporites
sp. A, and Lycospora sp. A.
Maceration no. 3629 (coal)
Spores

Relative Abundance

1o
Tuberculatosporites spinoplicatus
Fabasporites spp. (vast number of, not counted)
Dietyotriletes muricatus
Laevigatosporites minimus
Thymospora sp. A
Laevigatosporites medius
Gillespieisporites venustus
Vesicaspora wilsonii
Triquitrites minutus
Cyclogranisporites aureus
Laevigatosporites sp. A
Verrucosisporites donarii
Punctatisporites parvipunctatus
Punctatosporites minutus
Laevigatosporites ovalis
Verrucosisporites verrucosus
Calamospora pedata
Leiotriletes gulaferus
Raistrickia saetosa
Laevigatosporites dunkardensis
Cyclogranisporites minutus
Lophotriletes commissuralis

1.0
0-5
lb-5
bj-5

21.0
2-5
1.0
0-5
1.0
1.0
0 .5
0 .5

1.0
3 .5
0 .5
0 .5
0 .5
0 .5

1.0
0 .5
0 .5

100.0
Other species observed were: Raistrickia diversa, Convolutispora sp. A, and Pityosporites sp. A.
Maceration no. 3^30 (coal)
Spores

Relative Abundance
1o

Fabasporites spp. (vast number of, not counted)
Laevigatosporites medius
Gillespieisporites venustus
Laevigatosporites minimus
Microreticulatisporites sulcatus
Laevigatosporites ovalis
Laevigatosporites robustus

26.0
1.0
12.0
0.5
8 .5

1.0
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Spores

Relative Abundance
1o

Thymospora sp. A
Punctatosporites minutus
Leiotriletes gulaferus
Vesicaspora wilsonii
Leiotriletes parvus
Cyclogranisporites minutus
Calamospora pedata
Thymospora sp. B
Lophotriletes commissuralis

35-0
5-5
1 .0

1-5
2 .0
1 .0

1-5
2.5
1 .0

100.0
Additional species recorded were: Laevigatosporites sp. A,
Cyclogranisporites aureus, Verrucosisporites verrucosus, and
Raistrickia saetosa.
Maceration no. 3^31 (coal)
Spores were found to be relatively scarce in this residue
and were in a generally poor state of preservation.

A 100-spore

count was completed with the following results:
Spores

Relative Abundance
$

Calamospora pedata
Fabasporites spp. (abundant, not counted)
Laevigatosporites minimus
Thymospora sp. A
Laevigatosporites medius
Cyclogranisporites minutus
Punctatosporites minutus
Punctatisporites parvipunctatus
Laevigatosporites ovalis
Calamospora microrugosa
Leiotriletes gulaferus
Vesicaspora wilsonii
Lophotriletes commissuralis

1 .0

37-0
1 1 .0
3 8 .0
2 .0

3-0
2 .0
2 .0
1 .0
1 .0
1 .0
1 .0
1 00.0

Also recorded were: Cyclogranisporites aureus, Raistrickia
saetosa, Gillespieisporites venustus, Laevigatosporites dunkardensis,
Raistrickia superba, Calamospora parva, and Calamospora breviradiata.
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Maceration no. 3632 (coal)
Relative Abundance

Spores

1o
k9.0

Laevigatosporites medius
Fabasporites spp. (abundant, not counted)
Thymospora sp. A
Laevigatosporites ovalis
Laevigatosporites minimus
Laevigatosporites vulgaris
Thymospora sp. B
Florinites mediapudens
Punctatosporites minutus
Lophotriletes commissuralis
Punctatisporites parvipunctatus
Punctatisporites obliquus
Pityosporites westphalensis
Laevigatosporites dunkardensis
Vesicaspora wilsonii
Cyclogranisporites minutus
Calamospora microrugosa
Leiotriletes parvus
Laevigatosporites robustus
Calamospora breviradiata
Calamospora parva

16.5
2.0
18.5
1.0
2-5
0.5
0-5

0.5
1.0
3-0

0.5
0.5
0-5
0.5
0.5
0.5
0.5
0.5

1.0
100.0

Other species present, in percentages less than 0-5, are:
Calamospora pedata,, Laevigatosporites sp. A, and Leiotriletes
gulaferus.
Maceration no. 3637 (black shale 7 feet helow coal)
Both quality and quantity of the spores recovered from this
residue were generally poor.

Mo count was made.

The following spores

were found to he present: Microreticulatisporites sulcatus, Fabasporites spp.., Verrucosisporites verrucosus, Laevigatosporites ovalis,
Laevigatosporites minimus, Thymospora sp. A, Laevigatosporites medius,
Verrucosisporites donarii, Cadiospora magna, Calamospora microrugosa,
and Verrucosisporites sp. A.
One sample of the Little Washington coal was collected from
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the Hempfield cut in Washington, Pennsylvania.

The resulting macera

tion, no. 3500, has yielded, an abundance of spores.

The results are

as follows:
Spores

Relative Abundance

Fabasporites spp. (present in great abundance,
not counted)
Laevigatosporites medius
Laevigatosporites minimus
Gillespieisporites venustus
Laevigatosporites ovalis
Thymospora sp. A
Thymospora sp. B
Laevigatosporites dunkardensis
Pityosporites westphalensis
Crassispora kosankei
Raistrickia diversa
Punctatosporites minutus

31*0
i+6 .5
2.0
2.0
10.5
1+.5
1.0
0.5
0*5
0.5
1.0
100.0

Spores recorded in percentages less than 0.5 include:
Calamospora breviradiata, Laevigatosporites vulgaris, Calamospora
microrugosa, Laevigatosporites robustus, Microreticulatisporites
sulcatus, Schopfipollenites sp., Vesicaspora wilsonii, Raistrickia
superba, Striatopodocarpites sp. A, Protohaploxypinus sp. A, and
Pityosporites sp. A (?).
A 1000-spore count of this residue has shown Fabasporites
spp. to comprise 8 2 .5 percent of the total spore flora.
Two samples of Little Washington coal, along with a shale
parting sample, from near Worley, West Virginia, have been found
productive not only of a very large number of spores but also very
well preserved spores.

The results from this section, in descending

stratigraphic order are:
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Maceration no. 3721 (coal)

Spores

Relative Abundance
*

Fabasporites spp. (great number of, not counted)
Thymospora sp. A
Laevigatosporites medius
Laevigatosporites minimus
Thymospora sp. B
Punctatosporites minutus
Laevigatosporites ovalis
Vesicaspora wilsonii
Leiotriletes parvus

h8.5
25-0
12.0
0-5
2.5
10.0
1.0
0.5
100.0

Additional spores recorded., in percentages less than 0.5;
were: Gillespieisporites venustus, Cyclogranisporites aureus,
Cadiospora magna, Raistrickia aculeata, Calamospora microrugosa,
Crassispora kosankei, Laevigatosporites robustus, Calamospora
pallida, Tuberculatosporites spinoplicatus, Verrucosisporites sp. A,
Raistrickia saetosa, Leiotriletes adnatus, Leiotriletes gulaferus,
Verrucosisporites verrucosus, Verrucosisporites donarii, Calamospora
breviradiata, Laevigatosporites vulgaris, Raistrickia superba, and
Punctatisporites breviornatus.
Maceration 3720 (shale, carbonaceous,- a parting)
Spores

Relative Abundance

1
°

Fabasporites spp. (abundant, not counted)
Thymospora sp. A
Laevigatosporites medius
Laevigatosporites minimus
Gillespieisporites venustus
Verrucosisporites donarii
Granulatisporites cf. minutus

89 .0

^t-.O
5*5
0.5
0.5
0.5
100.0

Also present, in percentages less than 0-5: Punctatisporites
parvipunctatus, Laevigatosporites ovalis, Cyclogranisporites aureus,
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Verrucosisporites verrucosus, Raistrickia aculeata, Calamospora
hartungiana, Thymospora pseudothiessenii, Laevigatosporites
vulgaris, Laevigatosporites robustus, Raistrickia saetosa, Calamospora
breviradiata, Vesicaspora wilsonii, Schopfipollenites sp., Crassispora
kosankei, Laevigatosporites dunkardensis, Cyclogranisporites minutus,
Raistrickia superba, and Laevigatosporites sp. A.
Maceration no. 3719 (coal)
Spores

Relative Abundance
7°

Laevigatosporites minimus
Thymospora sp. A
Fabasporites spp. (super abundant, not counted)
Laevigatosporites medius
Punctatosporites minutus
Punctatisporites obliquus
Leiotriletes gulaferus
Pityosporites sp. A
Laevigatosporites ovalis
Laevigatosporites vulgaris
Dietyotriletes muricatus
Triquitrites minutus

12.5
5^-0
2 3 .0

3-0
1.0
0-5
0-5
3-5
1.0
0.5
0.5
100.0

Also present, in percentages less than 0.5: Verrucosisporites
microtuberosus, Vesicaspora wilsonii, Gillespieisporites venustus,
Raistrickia saetosa, Raistrickia aculeata, Verrucosisporites verru
cosus, Thymospora pseudothiessenii, Cadiospora magna, Schopfipol
lenites varius, Cyclogranisporites aureus, Cyclogranisporites minutus,
Punctatisporites breviornatus, Calamospora pallida, Verrucosisporites
sp. A, Laevigatosporites robustus, Punctatisporites parvipunctatus,
Calamospora microrugosa, Calamospora breviradiata, Verrucosisporites
sifati, Lophotriletes gibbosus(?), Lycospora sp. B, Laevigatosporites
dunkardensis, Leiotriletes adnatus, Tuberculatosporites spinoplicatus,
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Lophotriletes microsaetosus (?), Apiculatisporis sp. A, Microreticulatisporites sulcatus, Laevigatosporites sp. A, and one
spore Incertae sedis.
Two samples of the Washington coal, from its type locality,
have been prepared for the present study.

The upper bench, macera

tion no. 3 U9 9 , has yielded the following palynomorphs:
Spores

Relative Abundance

Gillespieisporites venustus
Tuberculatosporites spinoplicatus
Thymospora sp. A
Fabasporites (abundant, not counted)
Laevigatosporites medius
Laevigatosporites minimus
Punctatosporites minutus
Laevigatosporites dunkardensis
Laevigatosporites ovalis
Laevigatosporites desmoinesensis
Leiotriletes gulaferus

2.0
1-5
19*5
^1.0
25-0
2-5
3-5
^.0
0 .5

0-5
100.0

Additional species recorded, in percentages less than 0.5,
were: Laevigatosporites sp. A, Pityosporites westphalensis, Vesica
spora wilsonii, Calamospora breviradiata, Verrucosisporites donarii,
Schopfipollenites varius, Calamospora microrugosa, Crassispora
kosankei, Calamospora pedata, and Wilsonites delicatus.
The lower bench of the Washington coal, maceration no.
3 ^9 8 , has yielded the following:

Spores
Fabasporites spp.
Thymospora sp. A
Laevigatosporites
Laevigatosporites
Laevigatosporites
Thymospora sp. B

Relative Abundance
>
(abundant, not counted)
dunkardensis
medius
minimus

73-5
1-0
9*5
12.0
2.0
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Spores

Relative Abundance

Leiotriletes adnatus
Laevigatosporites ovalis

1.0
1.0
100.0

Species present in percentages less than 0.5 include:
Verrucosisporites microtuberosus, Pityosporites sp. A, Gillespiei
sporites venustus, Punctatisporites parvipunctatus, Laevigatosporites
vulgaris, Cadiospora magna, Verrucosisporites verrucosus, Laevigato
sporites desmoinesensis, Florinites mediapudens, Calamospora
hartungiana, Crassispora kosankei, Leiotriletes gulaferus, Vesicaspora
wilsonii, Laevigatosporites sp. A, Calamospora pallida, Calamospora
breviradiata, Convolutispora venusta, Raistrickia diversa, and Calamo
spora microrugosa.
1000-spore counts were completed for the above two Washington
coal residues to determine the relative abundance of Fabasporites spp.
in the macerations.

Maceration no. 3^*99 was found to contain 88.8

percent Fabasporites spp., and the spore flora of maceration no. 3^9^
was 77*0 percent Fabasporites spp.
Two macerations from the type section of the Washington
"Rider" coal were prepared for the present study.

The upper 1 foot

A inches of coal, shaly, to shale, coaly (maceration no. 3727 ) &as
yielded the following:
Spores

Relative Abundance
$

Fabasporites spp. (abundant, not counted)
Punctatosporites minutus
Laevigatosporites medius
Vesicaspora wilsonii
Lophotriletes commissuralis

3-0
19-5
5*0
k.O
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Spores

Relative Abundance

1o
Laevigatosporites dunkardensis
Thymospora sp. A
Laevigatosporites minimus
Laevigatosporites ovalis
Gillespieisporites venustus
Genus A
Calamospora parva
Florinites pumicosus
Calamospora breviradiata
Cyclogranisporites minutus
Leiotriletes gulaferus
Calamospora microrugosa
Calamospora pedata
Crassispora kosankei
Schopfipollenites sp. (very poor condition)

1.0
35-5
1 5 .0

8.0
1.0
0.5
1-5
0-5
0-5
2.0
0.5
0-5
0.5
1.0
0.5
100.0

Species recorded in percentages less than 0.5 were: Punctati
sporites parvipunctatus, Cyclogranisporites aureus, Raistrickia
saetosa, Raistrickia diversa, Cadiospora magna, Verrucosisporites
sifati, Proprisporties (?) sp. A, and Verrucosisporites donarii.
Maceration no. 37^6 (3 inch bony coal at base of Washington
"Rider") has been found very poor in quantity of spores.
tical count was attempted.

Ifo statis

Spores present include the following:

Calamospora breviradiata, laevigatosporites minimus, Laevigatosporites
medius, Vesicaspora wilsonii, Cyclogranisporites minutus, Laevigato
sporites vulgaris, Laevigatosporites ovalis, Fabasporites spp.,
Laevigatosporites desmoinesensis, Laevigatosporites dunkardensis,
Lophotriletes commissuralis, and Genus A.
The Washington A coal has been found productive of a large
number of spores, dominated by Laevigatosporites medius. The results
of the analysis of maceration no. 3^91 are as follows:
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Spores

Relative Abundance
7°

Laevigatosporites minimus
15*5
Laevigatosporites medius
6 9 .5
Laevigatosporites ovalis
3-0
Florinites pumicosus
1.0
Fabasporites spp. (super abundant. A 1000-spore
count of all entities showed Fabasporites
spp. to represent 9 2 -9 percent of all
spores present)
Calamospora pusilla
0*5
Vesicaspora wilsonii
2.0
Laevigatosporites dunkardensis
3-0
Lophotriletes commissuralis
1.0
Calamospora pallida
0.5
Punctatosporites minutus
2.5
Thymospora sp. A
1.0
Punctatisporites obliquus
0.5
100.0
Additional species present, in percentages less than 0.5,
include: Schopfipollenites varius, Raistrickia diversa, Florinites
visendus, Calamospora breviradiata, Leiotriletes gulaferus, Crassispora kosankei, Gillespieisporites venustus, and Lophotriletes
microsaetosus(?).
A sample of Jollytown coal from its type area at Jollytown,
Pennsylvanian has yielded a large number of well-preserved spores,
particularly vast numbers of Gillespieisporites venustus. The
results of the complete analysis of this residue, maceration no.
3 ^-9 6 > are as follows:

Spores

Relative Abundance
1°

Gillespieisporites venustus
Laevigatosporites minimus
Laevigatosporites medius
Laevigatosporites dunkardensis
Vesicaspora wilsonii
Florinites similis
Pityosporites westphalensis

5^-5
1^-5
1 8 .5

1.0
3-0
1.0
3*0
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lob
Spores

Relative Abundance

Fabasporites spp. (fair number of, not counted)
Laevigatosporites ovalis
?Cordaitina sp.
Florinites pumicosus
Vittatina sp. (fragment)
Laevigatosporites desmoinesensis
Schopfipollenites varius

1.0
0.5
1.0
0.5
0.5
1.0
100.0

Other species recorded, in percentages less than 0.5, were:
Protohaploxypinus sp.

A,

Cyclogranisporites minutus, Leiotriletes

gulaferus, Florinites visendus, Raistrickia diversa, Wilsonites
delicatus, Punctatisporites parvipunctatus, Potonieisporites elegans,
Potonieisporites novicus, and Cadiospora magna.
The five samples collected from the Jollytown Coal Section
have been found to vary considerably in both quantity and quality of
spores recovered.

The results of these analyses are presented below:

Maceration no. 3706 (clayshale, grey above coal).
This residue has been found very poor.
are present for statistical analysis.

Insufficient spores

Those present are: Vesicaspora

wilsonii, Laevigatosporites medius, Laevigatosporites minimus,
Laevigatosporites dunkardensis, Verrucosisporites sp.

A,

Pityosporites

westphalensis, and Laevigatosporites ovalis.
Maceration no. 3705 (shale, black, coaly).
This residue was also found to contain insufficient spores
for statistical analysis.

Present are: Cyclogranisporites minutus,

Laevigatosporites medius, Verrucosisporites sp. A, Fabasporites spp.,
Laevigatosporites minimus, Laevigatosporites dunkardensis, Crassispora
kosankei (fair number of), Potonieisporites novicus, and
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Gillespieisporites venustus.
Many spores in maceration no. 3705 show extensive damage by
crystal puncturing.
Maceration no. 370^ (coal, shaly)
Spores

Relative Abundance
1o

Florinites visendus
Fabasporites spp. (abundant, not counted)
Laevigatosporites desmoinesensis
Laevigatosporites ovalis
Laevigatosporites minimus
Laevigatosporites medius
Laevigatosporites dunkardensis
Gillespieisporites venustus
Thymospora thiessenii
Raistrickia diversa
Pityosporites westphalensis
Punctatisporites obliquus
Potonieisporites novicus
Leiotriletes gulaferus
Calamospora microrugosa
Vesicaspora wilsonii
Thymospora sp. A
Schopfipollenites varius
Punctatosporites minutus

1.0
' 2.0
8.5
20.5
U0.5
3-5
12.5
0.5
0-5
3-0
0-5
1.0
1 .0
0 .5

1.0
2.0
1.0
0-5
100.0

Additional species present, in percentages less than 0.5,
include: Punctatisporites parvipunctatus, Florinites pumicosus,
Punctatisporites breviornatus, and Calamospora breviradiata.
Maceration no. 3703 (coal, blocky to shaly)
The quantity of spores in this residue was poor.

A 100-spore

count was completed with the following results:
Spores

Relative Abundance
1o

Cadiospora magna
Fabasporites spp. (abundant, not counted)
Laevigatosporites medius
Raistrickia superba

1.0
3 6 .0

1.0
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Spores

Relative Abundance

Gillespieisporites venustus
Laevigatosporites minimus
Laevigatosporites ovalis
Laevigatosporites dunkardensis
Lophotriletes commissuralis
Raistrickia diversa
Leiotriletes gulaferus
Punctatisporites parvipunctatus
Punctatosporites minutus
Calamospora breviradiata

23-0
22.0
6.0
2.0
1.0
2.0
2.0
1.0
2.0
1.0
100.0

Species present in percentages less than 1.0 include:
Potonieisporites novicus., Schopfipollenites varius and Punctati
sporites cf. breviornatus.
Maceration no. 3702 (coal., blocky) was found to contain
only a few spores of limited variety.

Those recorded were:

Gillespieisporites venustus (most abundant species present).,
Laevigatosporites minimus, Laevigatosporites medius, Fabasporites
spp., Laevigatosporites ovalis, and Schopfipollenites varius.
Three samples of shale from above, within, and below the
Upper Washington limestone at Vance, Pennsylvania were collected
and processed for the present study.

The uppermost sample, macera

tion no. 3539; and the lowermost sample, maceration no. 35^1; have
both been found barren of palynomorphs. The middle sample, macera
tion no. 35^-0, collected from the approximate center of the Upper
Washington limestone, has yielded an appreciable number of spores
ranging in quality from poor to very good.

The results of the

analysis are as follows:
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Spores

Relative Abundance

1o
Protohaploxypinus sp. A
Vittatina irregularis
Fabasporites spp. (abundant, not counted)
Leiotriletes sp. D
Vesicaspora wilsonii
Thymospora sp. A
Laevigatosporites minimus
Laevigatosporites dunkardensis
Granulatisporites cf. piroformis
Laevigatosporites medius
Laevigatosporites ovalis
Thymospora thiessenii
Punctatisporites obliquus
Crassispora kosankei
Granulatisporites cf. minutus

1.0
0.5
2.0
3 8 .0

1^-5
13-5
2.0
1.0
6.0
5-0
ll.O
1.0
1.0
0-5
100.0

Species present in percentages less than 0-5 include:
Florinites pumicosus, Punctatosporites minutus, Pityosporites
westphalensis, Alisporites zapfei, Leiotriletes adnatus, Leio
triletes sp. B, Wilsonites delicatus, Gillespieisporites venustus,
Hamiapollenites sp. A, Cyclogranisporites minutus, Florinites
similis, Genus B, Proprisporites (?) sp. A, Granulatisporites cf.
adnatoides, and Triquitrites minutus.
One sample of dark grey shale (maceration no. 3^97) was
collected from immediately above the Upper Washington limestone on
Cemetery Hill, Washington County, Pennsylvania.

It was found to be

very poor in both density and preservation of spores.
reasons, only a 50-spore count was completed.

For these

The results are as

follows:
Spores
Vesicaspora wilsonii
Fabasporites spp. (not counted)

Relative Abundance
*
2 6 .0
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Spores

Relative Abundance
1o

Thymospora thiessenii
Crassispora kosankei
Protohaploxypinus sp. A
Laevigatosporites minimus
Laevigatosporites medius
Laevigatosporites dunkardensis
Pityosporites westphalensis
Thymospora sp. A

6.0
5 0 .0

2.0
6.0
U.O
2.0
2.0
2.0
100.0

A single specimen each of Florinites mediapudens and
Protohaploxypinus sp. B (?) was recorded after the 50-spore count
was completed.
The Hundred coal from its type locality near Hundred., West
Virginia has yielded an abundance of well-preserved spores.

The re

sults of the analysis are as follows:
Maceration no. 3^92
Spores

Relative Abundance

1

°

Calamospora pallida
Laevigatosporites medius
Fabasporites spp. (abundant, not counted)
Thymospora sp. A
Laevigatosporites vulgaris
Punctatosporites minutus
Laevigatosporites ovalis
Crassispora kosankei
Gillespieisporites venustus
Laevigatosporites minimus
Leiotriletes parvus
Vesicaspora wilsonii
Thymospora thiessenii

0-5
U6.0
1-5
1-5
^-.0
11*5
8.5
1.0
15-5
0.5
8*5
1.0
100.0

Additional species recorded, in percentages less than 0-5>
include: Cyclogranisporites aureus, Pityosporites sp. A, Leiotriletes
■gulaferus, Florinites visendus, Pityosporites westphalensis,
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Florinites florini, Protohaploxypinus sp. A, Laevigatosporites
dunkardensis, Calamospora breviradiata, Punctatisporites obliquus,
Striomonosaccites sp. A, Punctatisporites parvipunctatus, Calamo
spora pedata, Granulatisporites cf. piroformis, and Protohaploxypinus
sp. B.
The shale (maceration no.3^l)

from immediately above the

Hundred coal at its type locality has been found to contain very few
palynomorphs. The few spores recovered were: Laevigatosporites
minimus, Pityosporites sp. A, Laevigatosporites medius, Laevigato
sporites ovalis, Schopfipollenites varius, Verrucosisporites donarii,
Punctatisporites parvipunctatus, and Vesicaspora wilsonii.
The quantity and quality of the spores recovered from the
Dunkard coal and associated strata of the Maple section is consider
ably less than normally expected from coal and coal partings.

The

results of the analyses, in descending stratigraphic order, are as
follows:
Maceration no. 3 7 H (shale above coal)
Spores

Laevigatosporites minimus
Punctatosporites minutus
Fabasporites spp. (abundant, not counted)
Laevigatosporites medius
Laevigatosporites dunkardensis
Vesicaspora wilsonii
Thymospora thiessenii
Cyclogranisporites minutus
Calamospora pusilla
Alisporites zapfei
Apiculatisporis sp. B
Striomonosaccites sp. A
Laevigatosporites ovalis
Cyclogranisporites aureus

Relative Abundance

20.5
3.0
31.5
5.0
6 .5

h.5

3.0
0.5
0.5
1.5
1.0
8 .5
1 .5
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Spores

Relative Abundance
10

Verrucosisporites donarii
Gillespieisporites venustus
Vittatina irregularis
Punctatisporites parvipunctatus
Calamospora pallida
Florinites pumicosus
Punctatisporites obliquus
Laevigatosporites vulgaris

2 .5

3-0
0.5
2.0
1.5
0 .5

1-5
1.0
100.0

Additional species present, but in percentages less than
0-5; include: Hamiapollenites sp. A, Protohaploxypinus sp. A,
Leiotriletes gulaferus, Wilsonites delicatus, and Schopfipollenites
varius.
The next lower sample, maceration no. 3710 (several thin
coals, shaly to blocky and pyritic) was found to be extremely poor.
Only a few species were recorded.

These were: Gillespieisporites

venustus, Punctatisporites parvipunctatus, Cyclogranisporites aureus,
Laevigatosporites ovalis, and Laevigatosporites dunkardensis.
Maceration 3709 (shale partings) contains an appreciable
number of well-preserved spores.

The following were recorded during

the analysis:
Spores

Relative Abundance

*
Laevigatosporites minimus
Fabasporites spp. (not counted)
Vesicaspora wilsonii
Laevigatosporites dunkardensis
Laevigatosporites medius
Laevigatosporites ovalis
Crassispora kosankei
Cyclogranisporites aureus
Pityosporites westphalensis
Cyclogranisporites minutus
Raistrickia saetosa

3-5
10-5
72-5
5*0
^-.0
0.5
1.0
0.5
0*5
0.5
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Ill
Spores

Relative Abundance
$

Thymospora thiessenii
Raistrickia diversa

1.0
0.5
100.0

Species recorded in percentages less than 0.5 were:
Punctatisporites breviornatus, Hamiapollenites sp. A, and Proto
haploxypinus sp. B.
Maceration no. 3708 (coal) has yielded very few spores.
Those present include: Thymospora pseudothiessenii, Laevigatosporites
medius, Fabasporites spp., Laevigatosporites vulgaris, Laevigato
sporites ovalis, Crassispora kosankei, Hamiapollenites sp. A, and
Gillespieisporites venustus.
Maceration no. 3707 (shale below coal) has been found barren
of identifiable spores.
An additional sample of Dunkard coal (maceration no. 3^9^)j
from the Littleton section, was collected and found to contain an
abundance of excellent spores.

The results of the analysis of this

residue are as follows:
Spores

Relative Abundance

1o
Fabasporites spp. (vast number of, not counted)
Laevigatosporites minimus
Laevigatosporites medius
Vesicaspora wilsonii
Laevigatosporites ovalis
Thymospora thiessenii
Cyclogranisporites minutus
Verrucosisporites donarii
Florinites florini
Hamiapollenites sp. A
Florinites visendus
Punctatisporites breviornatus

20.0
i]-0.0
12.5
10.5
1.0
1.0
0 .5

1.0
0 .5
0 .5
0 .5
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Spores
Laevigatosporites dunkardensis
Vittatina irregularis
Punctatosporites minutus
Gillespieisporites venustus
Laevigatosporites desmoinesensis
Florinites similis
Cyclogranisporites aureus
Striomonosaccites sp. A
Pityosporites sp. B
Vesicaspora sp. A

Relative Abundance
*
5-0
1.0
1.0
0-5
1.5
0.5
0-5
0.5
0.5
1.0

100.0
Species recorded in percentages less than 0-5 included:
Microreticulatisporites sulcatus, Raistrickia diversa, Schopfi
pollenites varius, Punctatisporites obliquus, Calamospora micro
rugosa, Crassispora kosankei, Verrucosisporites verrucosus, and
Raistrickia aculeata.
One sample of Fish Creek coal (maceration no. 3^93) from
its type section near Littleton, Vest Virginia has yielded the
following:
Spores
Calamospora breviradiata
Crassispora kosankei
Fabasporites spp. (not counted)
Laevigatosporites medius
Thymospora thiessenii
Laevigatosporites minimus
Laevigatosporites ovalis
Laevigatosporites dunkardensis
Florinites pumicosus
Laevigatosporites desmoinesensis
Vesicaspora wilsonii
Punctatosporites minutus
Punctatisporites minutus
Cadiospora magna
Gillespieisporites venustus
Granulatisporites cf. adnatoides

Relative Abundance
1o
2.0
31-5
10.0
18.5
11*5

9-0
5-0
0.5
0-5

4-5
3-0
0-5
1.0
2.0
0.5

100.0
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Other species recorded, in percentages less than 0.5,
included: Punctatisporites parvipunctatus, Cyclogranisporites
aureus, Laevigatosporites robustus, Raistrickia saetosa, and
Verrucosisporites verrucosus.
The palynomorphs from the "Fish Creek A" coal, from Roberts
Run section, Wetzel County, West Virginia, have been studied with the
following results:
Maceration no. 3&3&J representing the first 3 inches of
clayshale above the coal, has been found barren.
Maceration no. 3^39 (coal)
Spores of this residue are in generally poor condition and
relatively sparse.

A 100-spore count was completed as follows:

Spores

Relative Abundance

1o
Cadiospora magna
Crassispora kosankei
Fabasporites spp. (not counted)
Gillespieisporites venustus
Raistrickia saetosa
Thymospora thiessenii
Laevigatosporites medius
Laevigatosporites ovalis
Laevigatosporites dunkardensis
Thymospora pseudothiessenii
Cyclogranisporites minutus
Laevigatosporites minimus
Cyclogranisporites aureus
Lophotriletes commissuralis
Punctatisporites parvipunctatus
Raistrickia diversa
Punctatosporites minutus

11.0
13-0
7*0
2.0
l8.0
11.0
19-0
8.0
2.0
2.0
1.0
1.0
1.0
1.0
1.0
2.0
100.0

Maceration no. 36^-0 (underclay) was nearly barren.

Spores

present are: Laevigatosporites dunkardensis, Laevigatosporites medius,
Gillespieisporites venustus, Schopfipollenites varius, and
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Leiotriletes gulaferus.
The number of spores recovered from the Hostetter coal
(maceration no. 2979 ) was poor, with the quality varying from poor
to good.

The results of a 100-spore count are as follows:
Spores

Relative Abundance
i
13-0
L6 .0
1 9 .0

Laevigatosporites minimus
Thymospora thiessenii
Laevigatosporites medius
Laevigatosporites ovalis
Laevigatosporites dunkardensis
Cadiospora magna
Vesicaspora wilsonii
Cyclogranisporites minutus
Pityosporites westphalensis
Gillespieisporites venustus

L.O
6 .0
3 .0

3-0
2.0
1.0
3 .0

100.0
Species present in percentages less than 1.0 include:
Raistrickia diversa, Cyclogranisporites aureus, Raistrickia superba,
Potonieisporites cf. novicus, Raistrickia saetosa, Florinites similis
Potonieisporites elegans, Protohaploxypinus sp. A, and Hamiapollenite
sp. A.
Shales from above the Nineveh coal at its type locality
near Nineveh, Pennsylvania have yielded an abundance of spores.

The

results of the completed analyses are as follows:
Maceration no. 3627
Spores

Relative Abundance

1°
Schopfipollenites cf. ellipsoides
Cadiospora magna
Schopfipollenites varius
Vesicaspora wilsonii
Leiotriletes gulaferus
Laevigatosporites ovalis
Fabasporites spp. (not counted)

0-5
6.0
2-5
1^-5
1.0
2 .5
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Spores

Relative Abundance
1o

Laevigatosporites dunkardensis
Punctatisporites obliquus
Crassispora kosankei
Calamospora pedata
Punctatosporites minutus
Lophotriletes commissuralis
Thymospora thiessenii
Leiotriletes parvus
Granulatisporites cf. minutus
Thymospora sp. A
Raistrickia saetosa
Granulatisporites cf. adnatoides
Laevigatosporites medius
Laevigatosporites desmoinesensis
Calamospora breviradiata
Calamospora pusilia
Laevigatosporites minimus
Gillespieisporites venustus
Raistrickia superba
Verrucosisporites sp. A

20.5
1.0
9-5
0 .5

5-5
0 .5

17-5
2 .0

0.5
k.O
1 .5
0 .5
3 .5
0 .5
0 .5

1.0
2.0
1.0
0.5
0.5
100.0

Calamospora pallida and Verrucosisporites sifati were re
corded in percentages less than 0 .5 *
Maceration no. 3626
Spores

Relative Abundance

1°
Fabasporites spp. (abundant} not counted)
Vesicaspora wilsonii
Laevigatosporites ovalis
Laevigatosporites minimus
Leiotriletes gulaferus
Laevigatosporites medius
Thymospora sp. A
Punctatosporites minutus
Thymospora thiessenii
Lophotriletes commissuralis
Calamospora breviradiata
Convolutispora sp. B
Laevigatosporites dunkardensis
Leiotriletes parvus
Lophotriletes cf- microsaetosus
Cyclogranisporites minutus
Verrucosisporites sp. A

lk-5
2 .0

k.O
0-5
k-5
1 8 .0

25-5
13.5
6 .0
1 .0
1 .0

3-5
k.O
0 .5
0 .5
0 .5
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Spores

Relative Abundance

1o
Cyclogranisporites aureus

0.5
100.0

Additional species recorded, in percentages less than 0-5,
were: Triquitrites minutus, Gillespieisporites venustus, Verrucosisporites sifati, Raistrickia saetosa, Punctatisporites obliquus,
Crassispora kosankei, Calamospora mierorugosa, cf. Wilsonites
delicatus (single, very poor specimen), Lycospora microgranulata (?),
Schopfipollenites varius, Schopfipollenites ellipsoides (?), Densosporites sp. A, Ahrensisporites sp. A, Dictyotriletes sp. A,
Densosporites sp. B, Leiotriletes sp. D, Lycospora (?) sp. C,
Raistrickia diversa, Lophotriletes gibbosus (?), and Protohaploxypinus sp. B.
The Nineveh coal and underlying black shale from the St.
Cloud section have yielded but a few, poorly preserved spores.

The

results of these analyses are:
Maceration no. 371& (coal)
Spores present: Cadiospora magna, Laevigatosporites medius,
Gillespieisporites venustus, Vittatina irregularis, Laevigatosporites
ovalis, Laevigatosporites vulgaris, Laevigatosporites minimus,
Laevigatosporites dunkardensis, Pabasporites spp., and Vesicaspora
wilsonii.
Maceration nos. 3715 and 3732 combined (both are of the same shale,
collected at different times in an effort to obtain better spores).
Spores present: Florinites visendus (a fair number of these
are present), Laevigatosporites ovalis, Vesicaspora wilsonii,
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Gillespieisporites venustus., Laevigatosporites dunkardensis, Crassispora kosankei, Laevigatosporites vulgaris, Pityosporites westphalensis, Sehopfipollenites varius, and Cadiospora magna.
One additional sample from the Nineveh coal horizon was
collected near New Freeport, Pennsylvania.

The sample, maceration

no. 3728 , contains a reasonable number of spores but many of them
are in a poor state of preservation.

The sample contains many spores

that are so poorly preserved they are unidentfiable, and for this
reason, a statistical analysis was deemed unreliable.

Identifiable

spores present are: Laevigatosporites dunkardensis, Fabasporites spp.
(numerous), Gillespieisporites venustus, Vesicaspora wilsonii (prob
ably about 10 percent of the total assemblage), Punctatosporites
minutus, Thymospora thiessenii, Laevigatosporites ovalis, Punctatisporites minutus, Laevigatosporites vulgaris, Vittatina irregularis,
Granulatisporites cf. adnatoides, Laevigatosporites minimus,
Hamiapollenites sp. A, Laevigatosporites medius, Leiotriletes adnatus,
Cadiospora magna, Florinites visendus and Potonieisporites elegans.
Two samples from the Gilmore coal horizon of the St. Cloud
Section (maceration nos. 3731 and 3712) were both found barren of
palynomorphs as was one sample (maceration no. 371^0 from the probable
type locality of the Gilmore.

One additional Gilmore coal sample,

maceration no. 3717 ; was also found barren.
The Windy Gap coal has been found extremely poor in both
quality and quantity of contained palynomorphs.

The "coal'1, better

described as a hard, black, coaly shale at its type locality, was
collected on two different occasions for the present study and
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assigned maceration nos. 3^-95 and 3 6 7 5 * The identifiable spores from
the two residues are as follows: Laevigatosporites dunkardensis,
Laevigatosporites minimus, Florinites visendus, Thymospora thiessenii
(fair number of), Laevigatosporites sp. A, Schopfipollenites varius,
Florinites similis, Florinites pumicosus, Laevigatosporites ovalis,
Gillespieisporites venustus, Cadiospora magna, and Vesicaspora
wilsonii.
The dark grey shale (maceration no. 367 ^) from immediately
below the Windy Gap coal at its type locality has been found barren
of spores.

An additional sample of Windy Gap coal (maceration no.

3713 from the St. Cloud section) has also been found barren.
Two samples of shale, each about 50 feet above the Windy Gap
coal in its type area, were collected (maceration nos. 3729 a^d 3 7 3 0 )
for study and both were found barren of palynomorphs.
Seventeen samples were processed for palynomorphs from the
Arley Lemasters Farm core (Appendix i).

Twelve of these have been found

barren; five were productive of palynomorphs as follows:
Maceration no. 37^8
Depth in core (feet): 9*^ ~ 11-8.
Three slides were scanned to obtain 20 spores.

The spores

present, and numbers of each, were: Calamospora pusilla (l), Thy
mospora thiessenii (j), Fabasporites spp. (no count made), Pityo
sporites sp. A (3 ), Florinites visendus (l), Laevigatosporites
minimus (5 ), and Laevigatosporites medius (3)-
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Maceration no. 3753

Depth in core (feet): 3k.2 - 35-6.
Spores

Laevigatosporites minimus
Thymospora thiessenii
Vesicaspora wilsonii
Cyclogranisporites aureus
Leiotriletes adnatus
Florinites visendus
Laevigatosporites medius
Fabasporites spp. (abundant, not counted)
Crassispora kosankei
Thymospora pseudothiessenii

Relative Abundance

22.5
55-5
1.0
0.5
0.5
0-5
7-0
9-5
3-0
100.0

Other species present, in percentages less than 0-5,
include: Florinites pumicosus, Leiotriletes sp. D, Leiotriletes
gulaferus, Laevigatosporites dunkardensis, Lophotriletes microsaetosus, Laevigatosporites robustus, Laevigatosporites ovalis,
Alisporites zapfei, Hamiapollenites sp. A, Gillespieisporites
venustus, Verrucosisporites sifati, Cadiospora magna, and Granulatisporites cf. adnatoides.
Maceration no. 3757
Depth in core (feet): 126.2 - 126.7 .
Spores present: Fabasporites spp., Vesicaspora sp. A,
Florinites mediapudens, Florinites visendus, Vesicaspora wilsonii,
Pityosporites westphalensis, Hamiapollenites sp. A, Laevigatosporite
minimus, and Alisporites zapfei.
Maceration no. 37^2
Depth in core (feet): 1 5 8 .2 - 159*5*
Spores present: Leiotriletes adnatus, Crassispora kosankei
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Verrucosisporites microtuberosus (?), Thymospora thiessenii,
Laevigatosporites minimus, Laevigatosporites. medius, Leiotriletes
gulaferus, Pityosporites westphalensis, Verrucosisporites (?) sp.
B, Vesicaspora wilsonii, and Tricidarisporites elegans.
Maceration no. 37^1
Depth in core (feet): 159-5 - 159-8.
Spores present: Laevigatosporites medius, Crassispora
kosankei, Thymospora thiessenii, Laevigatosporites minimus, Faba
sporites spp., Cadiospora magna, Laevigatosporites vulgaris,
Alisporites zapfei, Thymospora pseudothiessenii, Vittatina irregu
laris, and Pityosporites westphalensis.
Thirty-five samples from the Verna Wykert Farm core
(Appendix i) were macerated for the present study.
were productive of palynomorphs.

Eight of these

This core represents the youngest

rocks in the Appalachian basin, and has proven to be extremely
valuable for the purposes of establishing an age for the Dunkard
strata.

Spores recovered were as follows:

Maceration no. 3767
Depth in core (feet): 35-0 - 35-3Spores

Relative Abundance
To

Vesicaspora wilsonii
Granulatisporites cf. piroformis
Fabasporites spp. (abundant, not counted)
Thymospora thiessenii
Laevigatosporites minimus
Gillespieisporites venustus
Laevigatosporites ovalis
Laevigatosporites medius ■
Thymospora pseudothiessenii
Punctatisporites parvipunctatus

5-0
0.5
h6.3

35-5
1.0
1.0
U.5
3-5
1.0
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Spores

Relative Abundance

1o
Leiotriletes sp. D
Crassispora kosankei

0-5
1.0
100.0

Also present, in percentages less than 0-5: Laevigato
sporites desmoinesensis, Laevigatosporites dunkardensis, Hamiapollenites sp. A, and Alisporites zapfei.
Maceration no. 3768
Depth in core (feet): 37-1 _ 37-3*
Spores present: Fabasporites spp. (fairly abundant),
Laevigatosporites minimus, Punctatisporites parvipunctatus,
Thymospora pseudothiessenii, Thymospora thiessenii, Punctatosporites minutus, Hamiapollenites sp. A (single specimen), Vesicaspora
wilsonii and Leiotriletes gulaferus.
Thymospora thiessenii and Laevigatosporites minimus are
relatively abundant, in about equal percentages, and were estimated
to jointly comprise 60 to 70 percent of the total spore flora (exclud
ing Fabasporites spp.).
Maceration no. 3769
Depth in core (feet): 38.1 - 39-0.
Spores

Relative Abundance
1o

Thymospora pseudothiessenii
Thymospora thiessenii
Punctatisporites parvipunctatus
Laevigatosporites medius
Laevigatosporites minimus
.C-illespieisporites venustus
Fabasporites spp. (great number of, not counted)
Pityosporites westphalensis
Vesicaspora wilsonii

12.0
62.5
0.5
11.0
6.5
1.0
0.5
3»5
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Spores

Relative Abundance
d
P

Hamiapollenites sp. A
Laevigatosporites robustus
Florinites visendus
Laevigatosporites ovalis

0*5
0.5
0.5
1.0
100.0

Species present in percentages less than 0.5: Florinites
pumicosus, Laevigatosporites desmoinesensis, Florinites similis,
Vittatina irregularis, Calamospora breviradiata, Cyclogranisporites
aureus, and Leiotriletes adnatus.
Maceration no. 3770
Depth in core (feet): 39-0 - 39*9*
Spores

Relative Abundance
*

Thymospora thiessenii
Fabasporites spp. (abundant, not counted)
Thymospora pseudothiessenii
Pityosporites westphalensis
Punetatosporites minutus
Laevigatosporites minimus
Laevigatosporites medius
Laevigatosporites vulgaris
Laevigatosporites ovalis
Crassispora kosankei
Cadiospora magna
Laevigatosporites desmoinesensis
Vesicaspora wilsonii
Calamospora parva

67 .5

9-5
2.5
1-5
7-0
2.5
0-5
2.5
1.5
0-5
0-5
3-5
0-5
100.0

Species present in percentages less than 0-5 include:
Florinites visendus, Gillespieisporites venustus, Laevigatosporites
dunkardensis, Schopfipollenites varius, Florinites pumicosus, and
Leiotriletes sp. D.
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Maceration no. 3779
Depth in core (feet): 80.1 - 80<9*
Spores

Relative Abundance

Fabasporites spp. (abundant, not counted)
Laevigatosporites minimus
Thymospora thiessenii
Leiotriletes adnatus
Punctatosporites minutus
Hamiapollenites sp. A
Leiotriletes gulaferus
Vesicaspora wilsonii
Laevigatosporites vulgaris
Laevigatosporites dunkardensis
Laevigatosporites medius
Laevigatosporites ovalis
Genus B
Florinites visendus
Thymospora pseudothiessenii
Pityosporites westphalensis
Punctatisporites parvipunctatus

13-5
18.5
0-5
17-5
1-5
0-5
1.0
1 .0

0.5
8 .5
1 .0

0.5
0-5
1 .0

0.5
0.5
100.0

Additional species present, in percentages less than

0.5,

include: Crassispora kosankei, Triquitrites tribullatus (?),
Schopfipollenites varius, Gillespieisporites venustus, Florinites
florini, Verrucosisporites verrucosus, Protohaploxypinus sp. A,
and Florinites similis.
Maceration no. 37^2
Depth in core (feet):

9 2-7

-

95-0.

Spores

Relative Abundance

1
°

Crassispora kosankei
Thymospora pseudothiessenii
Laevigatosporites medius
Laevigatosporites minimus
Cadiospora magna
Fabasporites spp. (abundant, not counted)
Thymospora thiessenii
Pityosporites westphalensis

1-5
7-0
10.5
15.0
0.5

42-5
2.0
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Spore s

Relative Abundance

1o
Leiotriletes parvus
Vesicaspora wilsonii
Calamospora pusilia
Leiotriletes gulaferus
Thymospora sp. A
Hamiapollenites sp. A
Laevigatosporites ovalis
Granulatisporites cf. piroformis

1-5
12.0
0 .5
1 .5

3*0
1.0
1.0
0.5
100.0

Species recorded in percentages less than 0.5 include:
Alisporites zapfei., Leiotriletes adnatus, and Verrucosisporites
sp. A.
Maceration no. 3781
Depth in core (feet): 95*0 - 9 6 .1.
Spores
Fabasporites spp. (not counted)
Pityosporites westphalensis
Thymospora pseudothiessenii
Verrucosisporites donarii
Thymospora thiessenii
Florinites similis
Vittatina irregularis
Hamiapollenites sp. A
Laevigatosporites ovalis
Laevigatosporites minimus
Laevigatosporites medius
Vesicaspora wilsonii
Verrucosisporites sp. A
Genus C
Florinites pumicosus
Leiotriletes adnatus

Relative Abundance

2.0
7*5
0.5
V7 .O
0.5
1.0
3*0
1.0
7*0
1 8.5

9*5
1.0
0-5
0.5
0-5

100.0
Laevigatosporites dunkardensis, Vesicaspora sp. A, and
Thymospora sp. A are present in percentages less than 0.5.
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Maceration no. 3787

Depth in core (feet): 111.0 - 111.9*
Spores

Relative Abundance
<$>

Fabasporites spp. (abundant, not counted)
Thymospora thiessenii
Laevigatosporites minimus
Laevigatosporites medius
Vesicaspora wilsonii
Pityosporites westphalensis
Thymospora pseudothiessenii
Thymospora sp. A

70*0
17*5
8.0
2.0
0-5
1-5
0.5
100.0

Species recorded in percentages less than 0.5 were:
Florinites visendus, Potonieisporites novicus (?), Leiotriletes
gulaferus, Verrucosisporites verrucosus, Laevigatosporites ovalis,
Laevigatosporites vulgaris, Schopfipollenites varius, Leiotriletes
adnatus, Calamospora breviradiata, Alisporites zapfei, Gillespiei
sporites venustus, and Laevigatosporites dunkardensis.
Twenty-six samples from eighteen localities in Kansas
were collected from stratigraphic horizons ranging from basal
Leonardian (Wellington formation), downward to lower Virgilian,
Douglas Group, Lawrence shale.

The results of the analyses

of the various samples from Kansas, in ascending stratigraphic
order, are as follows:
Maceration no. 3701
Shale collected from the Lawrence shale has been found
barren of palynomorphs.
Maceration no. 3700
The Stull shale sample collected for the present study has
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been found to contain an insufficient number of identifiable spores
for reliable statistical analysis.

Identifiable spores in the sample

include: Fabasporites spp., Florinites mediapudens, Calamospora
pallida, Endosporites ornatus (fairly common), Genus B, Vesicaspora
wilsonii, Cyclogranisporites minutus, Calamospora pusilia, Cadiospora
magna, Florinites similis, Punctatisporites parvipunctatus, Gillespie!
sporites sp. A, Crassispora kosankei, Raistrickia saetosa, Pityo
sporites westphalensis, Angulisporites sp. A, Calamospora breviradiata
Laevigatosporites ovalis, Microreticulatisporites sulcatus, and
Protohaploxypinus sp. B.
Maceration no. 3^98
Lhe following species have been recorded from the LarshBurroak shale: Calamospora parva, Cyclogranisporites minutus,
Potonieisporites cf. simplex (single, poorly preserved specimen),
Pityosporites westphalensis, Punctatisporites obliquus, Vesicaspora
wilsonii, Punctatisporites parvipunctatus, Calamospora pusilia,
Pityosporites sp. C, Wilsonites cf. delicatus (single specimen, poor),
Striomonosaccites sp. A, Leiotriletes parvus, Protohaploxypinus sp. B,
Florinites florini, Dictyotidium sp. A, and Hamiapollenites tractiferinus.
Maceration no. 3^99
One sample from the upper part of the Calhoun shale has
yielded the following spores: Striatopodocarpites sp. B, Potoniei
sporites simplex (?) (fair number of), Punctatisporites obliquus,
Calamospora pusilla, Granulatisporites cf. pirofonnis, Laevigato
sporites minimus, Pityosporites westphalensis, Vesicaspora wilsonii,
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Verrucosisporites donarii, Cyclogranisporites minutus., Laevigatosporites vulgaris, Crassispora kosankei (fair number of), Thymospora
sp. A, Microreticulatisporites sulcatus, Endosporites ornatus,
Westphalensisporites cf. irregularis, Laevigatosporites medius,
Raistrickia superba, Calamospora pallida, Gillespieisporites sp. A,
Striomonosaccites sp. A (single specimen), and Cristatisporites sp.
(single specimen).
Maceration no. 3680
The Nodaway coal has yielded sufficient palynomorphs for a
100-spore count to be made.
Spores

Relative Abundance

1°
Laevigatosporites vulgaris
Vesicaspora wilsonii
Laevigatosporites ovalis
Schopfipollenites sp.
Calamospora pallida
Gillespieisporites venustus
Laevigatosporites desmoinesensis
Calamospora breviradiata
Striomonosaccites sp. A
Calamospora pusilla
Laevigatosporites medius
Punctatosporites minutus
Florinites mediapudens
Calamospora pedata
Punctatisporites obliquus
Crassisuora kosankei

11.0

8.0
41.0
2.0
3-0
3-0
5-0
3-0
1.0
2.0
14.0
2.0
1.0
2.0
1.0
1.0
100.0

Florinites pumicosus was also recorded.
Maceration no. 3^97
The black shale from above the Nodaway coal has been found
barren of snores.
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Maceration no. 3^95
The upper of two samples collected from the Silver Lake
shale has yielded a number of spores, many of which are too poorly
preserved for species identification.

For this reason, a count

was not completed.
The identifiable spores are as follows: Endosporites
ornatus, Laevigatosporites perminutus (estimated to comprise 20 per
cent of the spore assemblage), Fabasporites spp. (excluded from
percentage estimates), Laevigatosporites dunkardensis, Punctatosporites minutus, Laevigatosporites minimus, Thymospora thiessenii,
Thymospora sp. A (estimated to comprise about 20 percent of the
assemblage), Laevigatosporites medius, Laevigatosporites ovalis
(estimated to comprise 15-20 percent of the assemblage), Calamo
spora pusilla, Vesicaspora wilsonii, Calamospora breviradiata,
Calamospora pallida, Verrucosisporites donarii (single specimen),
Lophotriletes cf. gibbosus (single specimen), Florinites cf.
pumicosus (single, poor specimen), Wilsonites cf. delicatus (single
specimen), and a single specimen each of three different megaspores
(megaspore genera A, B and C of this report).
Maceration no. 3696
This sample of Silver Lake shale was collected 3 to U feet
below maceration no. 3^95-

Spores present include: Vesicaspora

wilsonii, Crassispora kosankei, Laevigatosporites minimus, Endo
sporites ornatus, Laevigatosporites medius, Thymospora sp. A
(estimated to comprise about 35 percent of the spore flora), Faba
sporites spp. (not considered in percentage estimate), Cadiospora
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magna, Calamospora breviradiata, Aeanthotriletes (?) sp. A, Laevigato
sporites ovalis, Laevigatosporites perminutus, Florinites pumicosus
(?), Wilsonites (?) sp., Complexisporit.es polymorphus, Punctatosporites minutus, Laevigatosporites vulgaris, Lophotriletes commissuralis, Leiotriletes sp. A, Calamospora parva, Cyclogranisporites
aureus, Granulatisporites cf. minutus, Vittatina cf. lata (single,
very poor specimen), Gillespieisporites venustus, Calamospora cf.
microrugosa, Lycospora cf. microgranulata, and Tricidarisporites
elegans.
Maceration no.
The following spores have been recovered from the Pierson
Point shale: Punctatisporites obliquus, Florinites mediapudens,
Vesicaspora wilsonii, Punctatisporites minutus, Wilsonites delicatus,
Alisporites zapfei, Laevigatosporites minimus, Laevigatosporites
perminutus, Florinites pumicosus, Laevigatosporites medius, Strio
monosaccites sp. A (single specimen), and Florinites florini.
Maceration no. 3^92
A thin coal from the Pony Creek shale has yielded an appre
ciable number of spores.

A 200-spore count has shown the relative

abundance of the various entities to be as follows:
Spores

Relative Abundance

1

°

Thymospora thiessenii
Laevigatosporites medius
Thymospora sp. A
Laevigatosporites perminutus
Laevigatosporites minimus
Vesicaspora wilsonii
Punctatisporites obliquus
Cyclogranisporites minutus

10.0
25-5
2.0
3*0
17*0
9-5
1-5
5*5
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Spores

Relative Abundance
o

Cyclogranisporites aureus
Endosporites ornatus
Lophotriletes microsaetosus (?)
Laevigatosporites ovalis
Granulatisporites cf. minutus
Calamospora parva
Leiotriletes parvus
Calamospora pedata
Microreticulatisporites sulcatus
Crassispora kosankei
Calamospora breviradiata
Punctatisporites parvipunctatus
Calamospora pallida

1.0
3-0
1.5
1.0
2.5
2.5
1.5
2.0
0.5
0.5
2 .5
1.5
6.0
100.0

Also present, in percentages less than 0.5: Gillespiei
sporites sp. A, Verrucosisporites donarii, Verrucosisporites sp. A,
Gillespieisporites venustus, Leiotriletes gulaferus, Calamospora
microrugosa, and Potonieisporites novicus (?).
Maceration no. 3693
The sample of Towle shale collected for the present study
has been found barren of palynomorphs.
Maceration no. 3679
A few specimens each of Laevigatosporites minimus and
Thymospora sp. A were the only spores recovered from the Vest Branch
shale.
Maceration no. 3691
Spore abundance is quite low in this sample of the Hughes
Creek shale, but a 100-spore count was completed.

The results of

the analysis are presented below:
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Spores

Relative Abundance

1o
Punctatisporites minutus
Thymospora thiessenii
Thymospora sp. A
Vesicaspora wilsonii
Vittatina lata
Fabasporites spp. (not counted)
Acanthotriletes (?) sp. B
Acanthotriletes (?) sp. A
Granulatisporites cf. minutus
Verrucosisporites donarii (?)
Punctatisporites parvipunctatus
Alisporites zapfei
Gillespieisporites sp. A
Lycospora (?) sp. D

2 3 -0
1 0 .0
1 2 .0

3^-0
2 .0
2 .0
2 .0
1 .0
1 .0

ij-.O
6 .0
2 .0
1 .0

100.0

Additional species recorded, in percentages less than 0-5,
include: Protohaploxypinus sp. A, Pityosporites sp. C, Laevigato
sporites medius, Potonieisporites simplex (?), Lycospora microgranulata (?), and Lycospora sp. A (?).
Maceration no. 3^88
A sample of very dark, grey shale from the Salem Point
shale member has yielded sufficient spores for a 100 -spore count.
The sample also contains many spores too poorly preserved to be
identified.
Spores

Relative Abundance

1
°

Fabasporites spp. (not counted)
Cyclogranisporites aureus
Protohaploxypinus sp. A
Punctatisporites minutus
Laevigatosporites medius
cf. Buskoisporites sp. A
Vesicaspora wilsonii
Laevigatosporites minimus
Calamospora pedata
Punetatosporites minutus
Alisporites zapfei

1 .0

3.0
2 6 .0
1 8 .0
1 .0
2 9 .0
8 .0
1 .0
1 .0
2 .0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

132

Spores

Relative Abundance
10

Gillespieisporites sp. A
Crassispora kosankei
Pityosporites sp. A
Calamospora parva
Potonieisporites simplex
Schopfipollenites sp.
Lycospora (?) sp. D
Thymospora thiessenii

2.0
1.0
1.0
2.0
1.0
1.0
1.0
1.0
100.0

The following species are also present: Laevigatosporites
vulgaris, Granulatisporites cf. adnatoides, Leiotriletes sp. C,
Punctatisporites parvipunctatus,.Laevigatosporites robustus, Genus B,
Verrucosisporites donarii, Pityosporites westphalensis, Laevigato
sporites dunkardensis, Calamospora pallida, Laevigatosporites ovalis,
Genus D, and Convolutispora sp. C.
Maceration no. 3689
This sample, collected from the lowermost black shale of
the Neva limestone member, Grenola limestone, has yielded very few
spores.

Those identifiable are as follows: probable Protohaploxypinus

sp. (10 ribs, bladders largely destroyed), probable Potonieisporites
novicus, Vittatina lata (?), Punctatisporites parvipunctatus, Pityo
sporites westphalensis, Vesicaspora wilsonii, Pityosporites sp. D,
and Cordaitina (?) sp.
Maceration no. 3887
Spores identified from the Florena shale are as follows:
Protohaploxypinus sp. C, Calamospora pusilla, Vesicaspora wilsonii
(fair number of), Protohaploxypinus sp. A, Gillespieisporites
venustus, Thymospora sp. A, Alisporites zapfei (fair number of),
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Punctatisporites minutus, Laevigatosporites medius, Proprisporites (?)
sp- A, Laevigatosporites minimus, Punctatisporites obliquus, Faba
sporites spp., Potonieisporites simplex, and Gillespieisporites sp. A.
Maceration no. 3686
The following species are present in this maceration of
black shale from within the Eiss limestone member: Fabasporites spp.,
Calamospora parva, Punctatosporites minutus, Laevigatosporites mini
mus, Granulatisporites cf. adnatoides, Laevigatosporites medius,
Punctatisporites parvipunctatus, Raistrickia diversa, Vesicaspora
wilsonii, Calamospora microrugosa, Laevigatosporites robustus,
Leiotriletes gulaferus, Verrucosisporites donarii, Lycospora (?) sp.
D, Calamospora pedata, Punctatisporites obliquus, cf. Ifuskoisporites
sp., Gillespieisporites venustus, Calamospora breviradiata, Laevigato
sporites vulgaris, Proprisporites (?) sp. A, and Columinisporites sp.
A.
Maceration no. 3^90
A second sample of black shale, probably from the Eiss lime
stone member, has yielded a few poorly preserved spores as follows:
Crassispora kosankei, Lycospora sp. A (?), Vesicaspora wilsonii,
Cyclogranisporites cf. minutus, Punctatisporites parvipunctatus,
Protohaploxypinus sp. A, Gillespieisporites venustus, Pityosporites
sp. A, Cadiospora magna, and Cyclogranisporites aureus.
Maceration no. 3685
The following spores were found to be present in the Easly
Creek shale: Cadiospora magna, Crassispora kosankei, Vittatina lata,
Punctatisporites obesus, Cyclogranisporites minutus, Laevigatosporites
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minimus, Punctatisporites obliquus, Laevigatosporites robustus,
Vesicaspora wilsonii, Protohaploxypinus sp. A, Granulatisporites cf.
minutus, Alisporites zapfei, Pityosporites westphalensis, cf.
Ruskoisporites sp., Punctatisporites minutus, and Potonieisporites
simplex.
Maceration no. 3678
The following spores were recovered from a black shale
zone near the top of the Blue Rapids shale: Fabasporites spp.,
Gillespieisporites sp. A, Thymospora thiessenii, Laevigatosporites
minimus, Thymospora sp. A, Vittatina lata (single specimen),
Guthorlisporites sp. A, Protohaploxypinus sp. A, Granulatisporites
cf. minutus, Cyclogranisporites minutus, Vesicaspora wilsonii,
Pityosporites westphalensis, and Lycospora cf. microgranulata.
Maceration no. 3676
Black shale from the lower portion of the Blue Rapids shale
has yielded an abundance of spores.

A 200-spore count has produced

the following results:
Spores

Relative Abundance
70

Vesicaspora wilsonii
Fabasporites spp. (abundant, not counted)
Laevigatosporites dunkardensis
Laevigatosporites medius
Punctatosporites minutus
Thymospora sp. A
Laevigatosporites minimus
Granulatisporites cf. minutus
Laevigatosporites vulgaris
Laevigatosporites ovalis
Vittatina lata
Pityosporites westphalensis
Punctatisporites parvipunctatus
Crassisxiora kosankei

21.0
4.0
13*0
7*5
13-5
1 6 .5

1.0
4.5
3*0
2.0
3*0
0.5
1-5
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Spores

Relative Abundance

1°
Calamospora parva
Punctatisporites obliquus
Cyclogranisporites minutus
Granulatisporites cf. adnatoides
Calamospora breviradiata

0.5
5*5
0-5
1 .5

1.0
100.0

Additional species present, in percentages less than 0.5:
Verrucosisporites donarii, Florinites florini, Gillespieisporites
venustus, Cadiospora magna, Raistrickia saetosa, Potonieisporites
novicus, Gillespieisporites sp. A, Calamospora microrugosa,
Leiotriletes gulaferus, Proprisporites (?) sp. A, Lophotriletes
gibbosus (?), and Schopfipollenites ellipsoides (?).
Maceration no. 3677
This sample was collected from the identical stratigraphic
horizon as maceration no. 3676 . Maceration no. 3676 was collected
from a black shale and maceration no. 3677 from a shaly coal.
latter has fewer genera represented than does the former.

The

For

comparative purposes, a 100-spore count was completed for maceration
no. 3677 as follows:
Spores
Vesicaspora wilsonii
Laevigatosporites medius
Thymospora sp. A
Fabasporites spp. (abundant, not counted)
Laevigatosporites minimus
Laevigatosporites ovalis
Punctatosporites minutus
Crassispora kosankei
Punctatisporites obliquus
Laevigatosporites dunkardensis
Pityosporites westphalensis
Laevigatosporites vulgaris

Relative Abundance
*
20.0
15-0
15-0
1^.0
^.0
9-0
1.0
6.0
8.0
3-0
1.0
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Spores

Relative Abundance

1o
Punctatisporites parvipunctatus
Granulatisporites cf. adnatoides
Cyclogranisporites minutus

2.0
1.0
1.0
100.0

Maceration no. 368 L
The Havensville shale has yielded a large number of -well
preserved palynomorphs.

The results of a 200-spore count are as

follows:
Spores
Limitisporites sp. A
Fabasporites spp. (abundant, not counted)
Laevigatosporites medius
Lophotriletes commissuralis
Punctatisporites minutus
Vesicaspora wilsonii
Thymospora sp. A
Leiotriletes parvus
Granulatisporites cf. minutus
Punctatosporites minutus
Laevigatosporites minimus
Thymospora thiessenii
Protohaploxypinus sp. B
Lycospora cf. microgranulata
Laevigatosporites desmoinesensis
Apiculatisporis sp. C
Punctatisporites obliquus
Gillespieisporites sp. A
Indospora stewarti
Vittatina lata
Triquitrites sp. A
Laevigatosporites ovalis
Triquitrites minutus

Relative Abundance
1°
1-5
3-5
1-5
5-5
23-5
2 9 .5
1 .0

1-5
1 .0

12.5
8 .0

1-5
1 .0

0.5
2.5
0-5
1-5
0.5
1-5
0.5
0-5
0.5
10 0 .0

Species recorded in percentages less than 0-5 include:
Genus E, Florinites mediapudens, Alisporites zapfei, Thymospora
pseudothiessenii, Protohaploxypinus sp. A, Lycospora sp. C,
Potonieisporites simplex, Calamospora parva, w'ilsonites cf.
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delicatus, Striatopodocarpites sp. C, Genus F, Laevigatosporites
robustus, Nuskoisporites sp. A, Cyclogranisporites minutus, Genus
G, Lycospora sp. E, Crassispora kosankei., Verrucosisporites
donarii, Florinites pumicosus, Acanthotriletes sp. C, Columinisporites sp. B, Potonieisporites novicus, Potonieisporites sp. B,
Raistrickia superba, Microreticulatisporites sulcatus, and
Leiotriletes sp. C.
Maceration no. 3683
The sample collected from the Wymore shale has been found
to contain many unidentifiable, fragmented spores.

The residue does

contain, however, a number of identifiable spores and from these a
50 -spore count was completed.

Spores

Relative Abundance

i
Pityosporites sp. A
Protohaploxypinus sp. A
Vesicaspora wilsonii
Pityosporites sp. E
Vittatina lata
Wilsonites delicatus
Potonieisporites novicus
Protohaploxypinus sp. B
Pityosporites sp. F
Pityosporites westphalensis
Striatopodocarpites sp. C

..

8.0
W+.O
28.0
2.0
1+.0
2.0
U.O
2.0
2.0
2.0
2.0
100.0

Cyclogranisporites aureus and Granulatisporites cf.
adnatoides are also present.
Maceration no. 3682
This sample of Wellington shale has yielded an abundance
of well-preserved spores.
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Spores

Relative Abundance
%

Vesicaspora wilsonii
Fabasporites spp. (fairly numerous, not counted)
Protohaploxypinus sp. A
Hamiapollenites tractiferinus
Pityosporites sp. E
Potonieisporites simplex
Protohaploxypinus sp. D
Protohaploxypinus sp. B
Pityosporites westphalensis
Vittatina lata
Thymospora sp. A
Punctatosporites minutus
Laevigatosporites minimus
Florinites mediapudens
Complexisporites polymorphus
Vittatina costabilis
Striatoabietites sp. A

6 8 .5

0-5
1.0
13-5
2.0
0-5
2.0
2.0
6.0
0-5
0.5
1.0
0 .5
0 .5
0 .5
0 .5

100.0
Also recorded, in percentages less than 0.5, were:
Calamospora parva, Punctatisporites sp. B, Punctatisporites sp. C,
Alisporites zapfei, Taeniaesporites sp. A, Striatopodocarpites sp.
D, Wilsonites delicatus, and Pityosporites sp. A.
The abundant spores of this residue display vast morpho
logical variations.

Potonieisporites simplex can be seen in all

sorts of conditions as can Vesicaspora wilsonii and others.

The

bisaccates are equally diverse.
Maceration no. 3681
This sample of Wellington shale has been found barren of
palynomorphs.
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SYSTEMATIC PALYNOLOGY
The classification, description and general stratigraphic
occurrences of the spores recorded in the present study are reported
in the following pages.

The taxa are presented in alphabetical order

because it has been demonstrated that morphologically similar spore
types occur in diverse plant groups and that the spore genera cannot
be placed in any supra-generic system that even remotely resembles a
natural classification (Schemel 1957.; P* 8 l)*

Mo practical purpose

would be served by utilizing a supra-generic grouping in the present
study.
Genus ACAETHOTRITIETES (Eaumova) Potonie and Kremp 195^

Type species: Acanthotriletes ciliatus (Knox) Potonie and Kremp 195^*
Diagnosis (from Smith and Butterworth 19^7j P- 177j translation of
Potonie and Kremp 195^ P-

133):

"Trilete isospores or microspores.

Exine ornamented with spinae between which there is little, or no,
space.

Scarcely any blunting of the gradually tapered spinae, the

length of which is more than twice their diameter."
Comparison: Acanthotriletes may be distinguished from Lophotriletes
(Naumova) Potonie and Kremp 195^- and Apiculatisporis Potonie and
Kremp 1956 by the greater length and by the tapering of the generally
strongly pointed ornamental elements.
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Acanthotrilete s (?) sp. A
Plate 1, figs. 1 and 2

Description: Amb more or less circular; spinae 2 to 5 microns in
length, 1 to 2 microns wide and mostly spaced 2 to k microns apart.

Size in microns: About 20 to 28.

Discussion: Additional specimens, which may or may not belong with
this species, were observed from the Hughes Creek shale.

The Hughes

Creek specimens were (in part) densely covered with very thin spines
about 2 microns long.

The specimens may be alete and therefore may

not belong in Acanthotriletes. They may be fossil microplankton.

Occurrence: Recorded from the Silver Lake and Hughes Creek shales.

Acanthotriletes (?) sp. B
Not illustrated

Description: Exine very thin; appearance is Fabasporites-like but
densely covered with tiny, sharp spines approximately 1 micron high.
May be alete and therefore not assignable to Acanthotriletes.

Size in microns: About 12.

Occurrence: Recorded only from the Hughes Creek shale.

Acanthotriletes sp. C
Plate 1, fig. 3

Description: Amb triangular; spines about 2 microns high, very thin,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

lAl
sharp pointed, approximately 1 micron wide and densely cover
exine.
Size in microns: About 22.
Occurrence: Recorded only from the Havensville shale.
Genus AHRENSISPORITES Potonie and Kremp 195^
Type species: Ahrensisporites guerickei (Horst) Potonie and Kremp 195^*
Diagnosis (from Smith and Butterworth 19^7; p. 200; translation of
Potonie and Kremp 195^ P* 155): "isospores or microspores.

Amb

roughly triangular; angles with exine protuberances connected by
semi-circular, arcuate folds (kyrtomes) curving towards the distal
pole of the spore and open to the equator; the triangular sides at
the equator form the cords of three arcs."
Ahrensisporites sp. A
Plate 1, fig. ^
A single specimen was observed from shale below the Nineveh coal at
its type locality.
Genus ALISPORITES Daugherty 19^1
Type species: Alisporites opii Daugherty 19^1.
Diagnosis (from Hart 1965 , p. 6 7 ): "Disaecate Disacciatrileti,
haploxylonoid to slightly diploxylonoid in outline and with a
transverse distal sulcus running centrally across the central body.
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The C.B. is circular or oval -with a 1-a or t-a elongation and the
sacci are equal to or less than the C.B. in size and less than or
about semi-circular in shape.
equal to the t-a (sacci).

The t-a (C.B.) is greater than or

The distal zone varies from distinct

to obscure."
Discussion: Jizba (1962 , p. 8 8 ^) uses the genus as emended by Bouse
1959 and states "...Alisporites includes alete bisaccate pollen
which is characterized by the hemispherical or erescent-shaped
sacci, the thin cap margin (i.e., the cap does not thicken at
saccus-cap contact), and the lack of distal inclination of the
sacci".
Alisporites zapfei (Potonie and Klaus) Jizba 1962
Plate 1, figs. 5 through 11
Diagnosis (from description by Jizba 1962 , p. 88 ^-8 8 5 ): "Alete;
indistinct psilate furrow (9 -1 8 microns wide); subcircular to
elliptical body.
body length.
body area.

Sacci hemispherical; sacci overlap 1 /3 to l/2

In polar view area of one saccus equals 2/3 to 3 A
Body width slightly exceeds saccus width.

slightly distally inclined.

Sacci very

Cap not appreciably thickened at

saccus roots; junction of sacci and cap shows flexure. —

Dark

strips, possibly representing folds (3 to 5 microns wide) usually
transverse portion of body margin and often occur on the distal
portion of body in the areas of saccus attachment."
Size in microns: Length 50-7A average 6 l; width 32A A average tl;
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1^3
height

body length 2 9 -5 2 , average 3 7 ; body width 3 O-U9 ,

average 1 0 ; body height 3 1 -^ 6 (jizba 1 9 6 2 , p. 8 8 5 ).

Discussion: Jizba reports (p. 8 8 5 ) that Potonie and Klaus (195^)
consider the wide-meshed, heavy saccus reticulum and thin-walled
body exine characteristic of the species.

Hart (1 9 6 5 , p- 6 8 )

places Pityosporites zapfei Potonie and KLaus 195^ in synonymy
with Alisporites juncta (Kara-Murza) Hart 1 9 6 5 . The species assign
ment by Hart is probably preferable to that used here.

Specimens

recovered from the Dunkard strata may be assignable to A. symmetricus
Habib (1 9 6 6 ) but are below the size range given by him (p. 6 5 1 ).

Occurrence: See spore distribution charts in pocket.

Genus ANGULISPORITES Bharadwaj 195^

Type species: Angulisporites splendidus Bharadwaj 195^*

Diagnosis (translation of Bharadwaj 195^u P> 515): "Three cornered
miospore with broad equatorial cingulum.
convex.

Corners angular, sides

Trilete rays thin and extend to the margin of the cingulum.

Exine covered with grana."

Angulisporites sp. A
Plate 1, figs. 12, 13 and lU

Description: Amb broadly triangular; rays distinct, extend to
perimeter of cingulum.

Size in microns: Overall maximum dimension observed to range from
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6b-j6; body ^2-55; cingulum width, about 10.

Occurrence: Bharadwaj (195*0 described Angulisporites from the
Breitenbaeher Schichten, Stephanian C.

It has been observed in

the present study only in the Stull shale, Shawnee Group, Virgilian
Stage.

Genus APICULATISPORIS Potonie and Kremp 195&

Synonyms: Apiculati-sporites Ibrahim 1933*
Apiculatisporites Potonie and Kremp 195*+•

Type species: Apiculatisporis aeuleatus Ibrahim 1933*

Diagnosis (from Smith and Butterworth 1 9 6 7 , P* 1 6 9 ; translation of
Potonie and Kremp 195*+^ P* 130): "Trilete isospores, or microspores,
displaying few distinctive features.

Approximately circular at the

equator.

Surface fairly thickly covered with approximately conical

elements.

Often, these coni are fairly broad at the base and may

have a slightly greater height than basal width.

Their relative

heights, which are generally slight, may sometimes approximate to
double the basal diameters.

The ornament on any one individual

varies somewhat in size and shape.

In some specimens the surface

is fairly closely covered with these elements.

Where they are more

openly spaced the intervals between them are not large enough to
accommodate further ornamentation.

Where the ornamentation is so

dense that individual elements touch at their bases, this occasionall
causes the bases to deform to polygonal shapes."
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Discussion: Forms at present included within the genus include some
with widely spaced sculptural elements.

Triangular forms with

apiculate ornamentation are assigned to Lophotriletes (Naumova)
Potonie and Kremp 195^*

Planisporites (Knox) Potonie i9 6 0 has much

smaller, more uniform ornamentation.

Apiculatisporis sp. A
Plate 1, fig. 15

Description: Amb more or less round; laesurae not seen; ornamenta
tion elements differ greatly proximally and distally.

Distal (?)

elements do not have discrete bases but rather are fused (in part)
to form cristae.

Proximal (?) elements greatly reduced in size

and density.

Size in microns:

Occurrence: Recorded from the Little Washington coal.

Apiculatisporis sp. B
Plate 1, fig. l6

Description: Amb more or less circular.

Entire exine uniformly

covered with small spines less than 2 microns in height.

Size in microns: About 2 5 .

Occurrence: Present in the shales above the Dunkard coal.
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Apiculatisporis sp. C
Plate 1, fig. 17

Description: Amb circular; exine densely covered with very small
spines less than 2 microns in height.

Size in microns: 27-32.

Occurrence: Present in the Havensville shale.

Genus CADIOSPORA Kosanke 1950

Synonym: Gravisporites Bharadwaj 195^--

Type species: Cadiospora magna Kosanke 1950-

Diagnosis (from Kosanke 1950; p. 50): "Spores are radial, trilete,
originally spherical or slightly pyramidal on the proximal surface,
usually flattened in fairly good proximal-distal orientation, and
have strongly developed arcuate ridges.
prominent on all specimens.

The lips are thick and

The trilete rays range in length from

39 to U6.2 microns when not shortened by folding or twisting.

The

lips range in thickness from 3 "to 5 microns on either side of the
suture.

The spore coat ranges in thickness from 6 to 8 microns."

Discussion: Bharadwaj (1955^ P- 128-129) defines Gravisporites as
having a "massive equatorial crassitudo" and considered the
"cingulum" in Cadiospora as "more of the type met with in Lycospora".

Bharadwaj's representation of Gravisporites sphaerus in

his text figures k and 5 appears to display the essential
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characteristics of Cadiospora magna Kosanke 1950 quite well.

Smith

and Butterworth (1967 * P- 1^5) have placed Gravisporites sphaerus
in synonymy with Cadiospora magna. The present writer is in full
agreement with them regarding the synonymy but there does not seem
to be any valid reason for accepting the emended generic diagnosis
of Venkatachala and Biaradwaj, 196 ^.

It restricts the surface

ornamentation to "laevigate, punctate to infrapunctate" and excludes
the granulose ornamentation found on the type species as well as on
Cadiospora fithiana Peppers 196 ^.
Cadiospora magna Kosanke 1950
Plate 1, fig. 18 and Plate 2, figs. 1 through 6
Synonyms: Cadiospora sphaera Butterworth and Williams 195^•
Gravisporites sphaera (Butterworth and Williams) Bharadwaj

195^.
Gravisporites sphaerus (Butterworth and Williams) Bharadwaj
1955Diagnosis (from Kosanke 1950; p. 50): "The trilete rays vary in
length from 1-0 to kh microns.

The suture is distinct and the lips

vary in thickness from k to 5 microns on either side of the suture.
The lips appear

to continue as thickenings In

association with the

arcuate ridge.

The apex of the rays (trilete

aperture) is openor

closed.

The rays divide at the terminus of the rays and inter-

radially become

the arcuate ridge.

The spore

coat is minutely

punctate to finely granulose, and measures 6 to 8 microns In
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thickness."
Size in microns: 100-U7-6 (Kosanke 1950); 58-119 (Smith and Butter
worth 1967 )Discussion: C. magna differs from C. fithiana Peppers 196 ^ by having
broader lips and a finer surface ornamentation.
Occurrence: Occurs throughout the Dunkard strata; not observed above
the Council Grove Group in Kansas.
Genus CALAM0SP0RA Schopf, Wilson and Bentall 19^
Type species: Calamospora hartungiana Schopf in Schopf., Wilson and
Bentall 19 UU.
Diagnosis (from Smith and Butterworth 1967, p. 130; translation of
Potonie and Kremp 1955j P* ^-6): "Trilete miospores, that is iso
spores, microspores, and small megaspores, the latter possibly up
to 350 microns (cf. Hartung 1933.; P- 106).

Laesurae generally

shorter, or only slightly longer, than one-half the radius of the
equatorially flattened spore; occasionally indistinct.
times open.

Faint contact areas often present; usually no curvaturae,

but only different coloration of these areas.
smooth.

Suture some

Thin exine without sculpture.

Outline more or less

Structure not recognizable,

or appearing as faint internal punctation, mottling, etc.

Con

spicuous secondary folds frequent due to fairly thin exine. "
Comparison: Calamospora differs from Punctatisporites (Ibrahim)
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Potonie and Kremp 195^ 7 sometimes possessing contact areas, by
having shorter laesurae, and by possessing pronounced secondary
folding.
Calamospora breviradiata Kosanke 1950
Plate 2, figs. J, 8 and 9
Diagnosis (from Smith and Butterworth 19^7; P* 131): "Amb circular,
or irregular through folding.
half of radius.

Laesurae ridged, one-third to one-

Contact area developed."

Size in microns: 52-71 (Kosanke, 1950); ^6 -78 (present study).
Discussion: Easily distinguished from other species of Calamospora
of similar size by ridged and relatively short laesurae and dis
tinct, darkened contact areas.
Occurrence: See spore distribution charts in pocket.
Calamospora flexilis Kosanke 1950
Diagnosis (from description in Kosanke 1950, p- tl): Shape spherical
to roundly triangular with folds frequently running parallel with
the rays.

Lips are slightly developed and elevated, however, they

are partly obscured by folds.

The commissure is thin, but definite.

Exine is laevigate and 2 microns thick.

The laesurae of the holo-

type vary from it to 17 microns in length.
Size in microns: 5^-70 (Kosanke 1950).
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Discussion: Only a few specimens assignable to C. flexilis were
observed during the course of this study.

For simplification,

these specimens are included with C. pallida (Loose) Schopf, Wilson
and Bentall 19^t.

See discussion under C. pallida.

Calamospora hartungiana Schopf in Schopf, Wilson and Bentall, 19^+
Wot illustrated
Diagnosis (from description in Schopf, Wilson and Bentall 19kk, p.
51): Amb originally circular, may be compressed to polygonal or
acutely lenticular outline, generally with several more or less
lenticular folds.

Trilete rays about one-half radius, distinct,

slightly undulating; lips low but definite, one to two microns
width on either side of laesurae.

Contact area developed.

Size in microns: 80-100 where not foreshortened by obvious folds
(Schopf in Schopf, Wilson and Bentall 19^0; maximum 105 (present
study).
Occurrence: Recorded only from the Waynesburg "B", Little Washington
and Washington coals during the present study.
Calamospora liquida Kosanke 1950
Diagnosis (from description in Kosanke 1950, p. l+l): Spores are
spherical and have numerous plications of the exine, somewhat
parallel to the margin of the spore.

Laesurae distinct and vary

in length (on the holotype) from 26.2 to 31*5 microns.
moderately developed and definitely elevated.

Lips

Commissure thin but
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distinct.

Area contagionis is not present.

Exine laevigate and

translucent, less than 2 microns in thickness.

Size in microns: 76-9^- (Kosanke 1950).

Discussion: Very few specimens assignable to £. liquida were observed
during this study.

These have been included with C. microrugosa

(Ibrahim) Schopf, Wilson and Bentall 1 9 ^ for the reasons given
under the discussion of C. microrugosa elsewhere in this report.

Calamospora microrugosa (Ibrahim) Schopf, Wilson and Bentall 1 9 ^
Plate 2, figs. 10 and 11

Synonyms: Sporonites microrugosus Ibrahim in Potonie, Ibrahim
and Loose 1932.
Laevigati-sporites microrugosus (Ibrahim) Ibrahim 1933*
Azonotriletes microrugosus (Ibrahim) Waltz in Luber and
Waltz 1938.
Leiotriletes microrugosus (Ibrahim) Ishchenko 1952.
Calamotriletes microrugosus (Ibrahim) Luber 1955Calamospora microrugosus (Ibrahim) Schopf, Wilson and
Bentall 19^1.

Synonymy from Smith and Butterworth 1967; P* 133*

Diagnosis (from Smith and Butterworth 1967; P* 133): "Amb more or
less circular, often very irregular due to compression folding.
Laesurae weakly ridged, straight or flexuose, one-third of radius.
Exine structureless, about two-thirds micron in thickness.
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Secondary compression folds numerous."

Size in microns: 70-100 (Potonie and Kremp 1955); 62-104 (Playford
1 9 6 2 ); Smith, and Butterworth 1 9 6 7 ^ p« 133 report British specimens

up to 110 microns.

Discussion: Calamospora liquida Kosanke 1950 apparently differs only
in possessing longer laesurae., however., Smith and Butterworth (1 9 6 7 ,
p. 134) cite references in which laesurae lengths up to two-thirds
of the radial measurements are assigned to C. microrugosa.

C.

liquida may ultimately be found to be synonymous with £. microrugosa.
As noted by Smith and Butterworth (p. 134)., laesurae length alone is
probably an insufficient basis for separation of species.

Occurrence: See spore distribution charts in pocket.

Calamospora pallida (Loose) Schopf., Wilson and Bentall 1944
Plate 3) figs. 1 and 2

Synonyms: Spornites pallidus Loose in Potonie, Ibrahim and Loose
1932.
Punctatisporites pallidus Loose 1934.
Calamospora pallidus (Loose) Schopf, Wilson and Bentall
1944.

Synonymy from Smith and Butterworth 1 9 6 7 , p- 135*

Diagnosis (from diagnosis and description in Smith and Butterworth
1 9 6 7 , p. 1 3 5 ): Amt1 circular to oval, often distorted by folding.
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Laesurae weakly ridged, straight, distinct, one-third to one-half
radius (averages 15 microns).

No contact area recognizable.

Exine

about 1 micron thick.

Size in microns: 55“70 (Potonie and Kremp 1955 )j Smith and Butter
worth (1 9 6 7 , p- 135) bave placed the size limits at 55-75 microns
to separate the species from £. parva Guennel 1958 (smaller) and
C. microrugosa (Ibrahim) Schopf, Wilson and Eentall l^kk (larger).

Discussion: C. flexilis Kosanke 1950 is very similar.

The differ

ence, apparently, is that C. flexilis is characterized by
occasional folds paralleling the laesurae.

In C. pallida the

laesurae are, at times, partially concealed by folds.

£. flexilis

is described as having a thicker exine.

Occurrence: See spore distribution charts in pocket.

Calamospora parva Guennel 1958
Plate 3, figs. b-, 5 and 6

Diagnosis (from Guennel 1958, p. 70): Amb circular to elliptical;
compression folding common; laesurae one-third radius, contact
area developed.

Size in microns: 32-^5 (Guennel 1958); Smith and Butterworth (1 9 6 7 ,
p. 136) report size varies from 37 to 55 microns in British
specimens.

Discussion: Smith and Butterworth assign specimens with laesurae
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from one-third to one-half of the radius to this species.

The size

and laesurae requirements of Smith and Butterworth have been
followed in the present study.

Occurrence: Ranges throughout the sediments studied in the present
work.
Calamospora pedata Kosanke 1950
Plate 3) figs. 7 and 8
Diagnosis (from Kosanke 1950., p. h2): Amb circular or lenticular
due to compression folds; exine relatively thick (2-3 microns);
folds few, often only one present.
from 21 to 27-3 microns.

The trilete rays vary in length

Lips generally lacking or very small.

Size in microns: ^1-75 (Kosanke 1950).
Discussion: The long laesurae and relatively thick exine, which
probably controls the nature of folding, make this species dis
tinct.

Smith and Butterworth (19^7, P- 13&) state that the

distinct laesurae are two-thirds, or more, of the radius.
value is accepted in the present work.

This

Specimens as small as 38

microns have here been included in the species.
Occurrence: See spore distribution charts.

Calamospora pusilia Peppers 1^6b
Plate 3; fig* 9
Diagnosis (from Peppers 196 ^, p* 15): Amb originally circular;
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characterized by an abundance of small and usually evenly distributed
folds.

Laesurae faint, difficult to distinguish on most specimens.

Exine essentially smooth., 1 micron or less in thickness.

Size in microns: 23-39 (Peppers ISGk)-, maximum k2 (present study).

Discussion: C. pusilia is distinguished from other species of
Calamospora by its small size, numerous folds and indistinct trilete
rays.

Occurrence: Earliest recorded occurrence in the Dunkard strata is
in the Washington "A" coal.

The latest recorded occurrence is in

the Florena shale, Council Grove Group.

See spore distribution

charts.

Genus COLUMINISPORITES Peppers 196k

Type species: Columini spor ites ovalis Peppers 196k.

Diagnosis (from Peppers 1 96 ^, p. 15-l6): "The spores are bilat
eral and bean shaped to elliptical in outline.

They are probably

monolete, but no specimens have been found that show a definite
monolete suture.

The spore is covered on all surfaces with three

to many elevated, anastomosing, and branching ridges, 2 to 3
microns wide, that run more or less parallel to the length of the
spore,

numerous smaller, closely spaced, more or less parallel

ridges and grooves run approximately transverse to the major
ridges.

The spore coat is 1 to 2 microns thick.

The spores are

37 to 8 l microns in longest dimension."
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Discussion: An appreciable number of palynomorphs have been
recovered during the present study which, in general appearance,
conform to Columinisporites Peppers.

However, morphological

features are present, or absent, which do not conform with the
diagnosis given by Peppers and quoted above.

The writer believes

the specimens encountered in the present study belong in the same
genus and that the diagnosis given by Peppers may be too restric
tive.

The present writer has not seen the specimens described by

Peppers and therefore must reserve comments regarding emendation
of the genus.

It remains quite possible that a new genus should

be erected for the present specimens.

For the purposes of this

study the specimens are tentatively assigned to Columinisporites as
noted below.

Columinisporites sp. A
Plate

figs. 10 through 16

Description: Apparently alete, but possibly monolete.
bean-shaped to oval.

Outline

The spore body is enclosed (?) in an ex

tremely thin perisporiate membrane.

The membrane is ornamented

with anastomosing and branching ridges, mostly about 2 microns
wide (widths of l-l/2 to 3 observed).
widely spaced.
laevigate.

The ridges are relatively

The surfaces of the membrane and spore body are

Grooves and/or ridges transverse to the above

described ridges are not present.

Size in microns: Body length, 53-80; width 40-50; perisporiate
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membrane observed to extend up to 8 microns beyond body.
Occurrence: Observed only from black shale within the Eiss lime
stone member.

Columinisporites sp. B
Plate 3} fig- 17
Description: Differs from Columinisporites sp. A by having closely
spaced., wider ridges.

Ridges mostly about 3 microns wide (vary

from 2 -k).
Size in microns: 80 x 3 8 .
Occurrence and Discussion: A single specimen was recorded from the
Havensville shale.

It may be a morphological variant of Columini

sporites sp. A, but the single specimen is distinctly different.
Genus COMPLEXISPORITES Jizba 1962
Type species: Complexisporites polymorphus Jizba 1962 .
Diagnosis (from description in Jizba 1962, p. 8 7 8 ): "Bisaccate.
Body subcircular.

Cap multifissured; fissure array usually

asymmetrical; fissured area of body surrounded by a circular
groove.

Cap texture and/or ornamentation fine. Sacci slightly

distally inclined.

Sacci erescent-shaped; saccus width and

length less than body width and length, respectively.

Sacci

internally reticulate.”
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Discussion: Jizba (1 9 6 2 , p. 8 7 9 ) reports that the circular groove
developed in Complexisporites distinguishes it from Lueckisporites
(Potonie and KLaus) Leschik 1959-

Complexisporites polymorphus Jizba 1962
Plate 3. fig. l8

Diagnosis (from description in Jizba 1962, p. 8 7 9 ): "Laesurate;
fissures vary in number and form.
fissured portion of the body.
equals about 3 A

A circular groove encloses the

Diameter of area enclosed by groove

of the body width and is a few microns shorter

than the body length.

At least one fissure is present, in which

case it is median, longitudinal and extends to the groove; the
fissure may bifurcate to produce triradiate and other forms.

Other

fissures may be present; they are usually longitudinal and extend
to the groove.

Fissure width 1 to 2 microns with 6 to 22 (usually

10-12) microns spacing.

Body subcircular; reticulate-granulose

sexine structure evident in well preserved speimens.
distinct; body usually lacks folds.

Distal furrow

Sacci erescent-shaped (length:

width about 1 :2 ); maximum saccus width measured along the distal
line of attachment is slightly less than body width.

In polar view,

area of one saccus equals 2 / 3 to 3A

body area.

inclination; furrow width variable.

Sacci internally reticulate;

Very mild distal

distal meshes isodiametric, proximal muri strongly radially aligned."

Size in microns: Total length ^9-86; width 33-55; height 35-^6;
body length 2 5 -^6 ; width 2 8 -5 5 ; saccus length lV-3 8 ; width 3 3 -5 5
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(jizba 1962).

Discussion: Assignment of specimens to this genus in the present
study is somewhat tenuous.

The specimens do not display the

circular groove as well as seems to be required by Jizba's descrip
tion.

Assignment elsewhere may ultimately prove desirable.

Occurrence: Wot recorded from the Dunkard strata; present as early
as the Silver Lake shale in Kansas.

Genus COWVOLUTISPORA Hoffmeister, Staplin and Malloy 1955

Type species: Convolutispora florida Hoffmeister, Staplin and
Malloy 1955.

Diagnosis (from description in Hoffmeister and others 1955> P38h): "Spores radial, trilete; circular to subcircular, probable
original spherical shape indicated by lack of orientation preference
ornamentation closely packed overlapping anastomosing vermiculate or
obervermiculate ridge-like processes, often causing a convoluted
or coarsely reticulate — punctate appearance; trilete rays short,
usually simple, but may have distinct lips, often obscured by the
overlapping ridges; spore coat thick, lacking conspicuous folding,
translucent; diameter ^0 -1 5 0 microns."

Discussion: The genus is distinguished by its closely packed,
sinuously-appearing, anastomosing ridges.
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Convolutispora venusta Hoffmeister, Staplin and Malloy 1955
Plate 3, fig. 19
Diagnosis (from description in Hoffmeister and others 1955> P- 385):
"Spores radial, trilete; originally spherical; outline circular to
subcircular, conspicuous folding lacking; ornamentation coarse,
irregularly developed arete-like ridges, anastomose in part; trilete
sutures simple grooves intersecting the ornamentation, length
approximately two-thirds spore radius; spore coat relatively thick,
translucent; ridges 2 .8 -5 -6 microns wide, 1 -3 microns high."

Size in microns: hk-66 (Hoffmeister and others 1955); 5^-70 (present
study).
Occurrence: Present up to and including the Washington coal in the
Dunkard; absent in all Kansas samples of the present study.
Convolutispora sp. A
Plate 3j fig- 20
Description: Outline more or less circular.
packed, overlapping ridge-like processes.
mentation.

Ornamentation closely
Rays obscured by orna

Exine relatively thick.

Size in microns: About kk.
Occurrence: Recorded only from the Waynesburg ”B" coal.
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Convolutispora sp. B
Plate 3, fig. 21
Description: Amb circular.

Ornamentation low, thick, closely

packed, wide ridge-like processes.

Laesurae distinct and long

(about 10-12 microns).
Size in microns: 25-30.
Occurrence: Recorded only from shale immediately above the Nineveh
coal at its type locality.
Convolutispora sp. C
Plate 1)-, fig. 1
Description: Amb circular.

Ornamentation low, about 2 microns high,

closely packed, narrow ridge-like processes.

Laesurae indistinct,

about 2 /3 radius.
Size in microns: About 30.
Occurrence: Recorded only from the Salem Point shale.
Genus CORDAITINA (Samoilovich) Hart 1965
Synonyms: Circella Luber 1939Libumella Luber 1939Zonaletes Luber and Valts 19^1 partim.
Zonatriletes Luber and Yalts 19^1 partim.
Pseudocireella Kara-Murza 1952 partim.
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Synonyms: Circelliella Kara-Murza 1952 partim.
Purvinella Kara-Murza 1952 partim.
Limbatella Kara-Murza 1952 partim.
Wuskoisporites Potonie and KLaus 195^ partim.
Noeggerathiopsiozonaletes Luber 1955*
Cordaitozonaletes Luber 1955*
Culleisporites Leschik 1955 partim.
Latinsina Luber ex manuscript but used by Alpern 1958.
Cannanoropollis Potonie and Sah i9 6 0 .

Synonymy from Hart 1 9 6 5 , p. 8 3 .

Type species: Cordaitina uralensis (Luber and Valts) Samoilovich
1953-

Diagnosis (from Hart 1 9 6 5 .? p. 8 3 ): "Monosaccate Diplosacciti.
or circular in outline.

Oval

The central body is oval, circular or

slightly angular in outline.

In some species a trilete aperture

may occur, but a trilete aperture is not obligatory for the genus.
The saccus structure is infra-reticulate, infra-granulate, or
shagrate.

The exine of the central body unites with that of the

saccus although the proximal root is usually clearly visible and
normally lies within the outer quarter of the central body, i.e.
it is marginally attached."

Discussion: According to Hart (p. 8 3 ) "Samoilovich (1953) described
the saccus exine as entirely enveloping the central body on all
sides so that the body does not break through the exine.

The
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central body exine and the saccus exine may be continuous but the
saccus has definite distal and proximal roots that are marginally
attached to the central body."

Cordaitina (?) sp.
Plate !+, fig. 2

Illustrated specimen is from the Jollytown coal.

It may be a

morphological variant of Potonieisporites. No laesurae are
visible; maximum dimension S>k microns, body maximum 50 microns.

Cordaitina (?) sp.
Plate

fig. 3

Illustrated specimen is from shale at the base of the Neva lime
stone.

Body covered with coarse grana; no laesurae visible.

Bladder intrareticulate.

Maximum dimensions, 88 x 60 microns;

body 5U x 52 microns (probably originally round).

Genus CRASSISPORA (Bharadwaj) Sullivan 1961-

Type species: Crassispora kosankei (Potonie and Kremp) Smith and
Butterworth 1 9 6 7 .

Diagnosis (from Sullivan 196 ^-, p. 375-376): "Radial trilete miospores.

Amb circular to oval, or roundly triangular.

Exoexine

finely to coarsely infrapunctate; crassitudinous thickening present
at the equator.

Distal surface ornamented with cones and, occa

sionally, spines; proximal surface without ornamentation.

Intexine
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thin and translucent, outline rarely seen; margin conformable to
equator of the spore.

Apical papillae visible in interteetal areas.

These are particularly well seen in over-macerated specimens —
Trilete rays usually indistinct, sometimes accompanied by folds."

Crassispora kosankei (Potonie and Kremp) Smith and Butterworth 19&7
Plate *+, figs. h through 8

Synonyms: Planisporites kosankei Potonie and Kremp 1955*
Planisporites ovalis Bharadwaj 1957*
Crassispora ovalis Bharadwaj 1957*
Crassispora kosankei (Potonie and Kremp) Bharadwaj 1957Apiculatisporites apiculatus (Ibrahim) Dybova and Jachowicz
(non sensu Ibrahim) 1957*

Synonymy from Smith and Butterworth 1967.? p* 23*t-

Diagnosis (from Smith and Butterworth 1967.? p. 23*0: "Amb circular
to sub-circular or oval; in equatorial view shape more or less
lenticular, somewhat distorted by crassitudinous thickening at the
equator.

Laesurae simple, extending nearly to amb; not usually

apparent, or split wide open to give a triangular-shaped tear in
polar region.
ture.

Exine with finely granulate or punctate infrasculp

Distal surface covered by small coni rarely exceeding 2

microns in height or breadth, irregularly distributed, bases not
touching; up to 5 microns between coni which project at margin.
Proximally, ornament is lacking or greatly reduced.

Exine in region

of crassitudinous thickening darker in colour than in polar region.
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Size in microns: 68 -8 5 (Potonie and Kremp 1955)j ^6 -55 (Bharadwaj
1957 for C. ovalis); kO-6 9 , 50-71*, k7-79, k7 -8 k, 72-105, k7-79,
7_77> ^7'69, ^7-89 (Smith and Butterworth 1987 f°r various horizons
and techniques); 35-85 (present study).
Discussion: Numerous specimens conforming to the description of
Crassispora plicata Peppers 196 k have been observed during this
study.

Peppers (p. l8 ) distinguishes C. plicata from _C. kosankei

(Potonie and Kremp) Bharadwaj 1957 "by having more distinct rays,
by lacking coni on the proximal surface, and by having prominent
apical papillae".

The emended generic description (Sullivan, 196 k)

includes the statement "apical papillae visible in intertectal areas"
and although this feature is not mentioned in Smith and Butterworth's
emendation of £. kosankei, it should be, for this is the type species
of the genus with which Sullivan worked.

Regarding the proximal

surface, Sullivan (p. 375) states "proximal surface without orna
mentation" and Smith and Butterworth (p. 23 k) report "proximally,
ornament is lacking or greatly reduced".

The degree of distinctive

ness of the trilete rayj in this instance, is not considered to be
sufficient for recognition of a species.

The differences given by

Peppers, are then, actually a part of the now accepted generic and
specific diagnoses.

The specimens conforming to C_. plicata Peppers

196 k encountered in this study are, therefore, included with C.

kosankei.
Occurrence: Present throughout much of the strata in the present
study.

The species is statistically important in a number of
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macerations from the Greene formation.

See spore distribution

charts.
Genus CRISTATISPORITES (Potonie and Kremp)
Butterworth, Jansonius, Smith and Staplin 1^6b
Type species: Gristatisporites indignabundus (Loose) Potonie and
Kremp 195^*
Diagnosis (from Smith and Butterworth 1967 , p. 253 after Butterworth, Jansonius, Smith and Staplin in Staplin and Jansonius l$6k,
p. 108): "Spores trilete; outline subcircular to subtriangular;
two-layered; intexine often indistinct, when preserved almost fills
the exoexinal cavity, sculpture absent-minor; central proximal area
of exoexine minutely sculptured, usually surrounded by a loose
ring of setae, apiculae, granules or small pits; sutural ridges or
grooves often indistinct, terminated by the setose ring; zona beyond
the setae psilate or with scattered granules or small apiculae;
spore margin irregular with small scattered processes, or strongly
incised if the distal sculpture carries to the equatorial margin;
distal sculpture prominent, often mammoid or with warts that in
part bear setose tips; inner surface of exoexine may be minutely
foveolate and vacuolate."
Comparison: Distinguished from other genera by its prominent distal
sculpture and two-layered exine.
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Cristatisporites sp.
Plate U, fig. 19
The illustrated specimen was the only specimen., assignable to this
genus, recovered during the present study.
and 52 microns in maximum dimension.

It is heavily ornamented

It was found in the residue

from the Calhoun shale and is, quite probably, reworked from older
strata.

Genus CYCLOGRAEISPORITES Potonie and Kremp 195^+
Type species: Cyclogranisporites leopoldi (Kremp) Potonie and Kremp

195^.
Diagnosis (from Smith and Butterworth 1967 ^ P* 1^+2; translation of
Potonie and Kremp 1955^ p- 60): "Trilete isospores or microspores,
generally with a circular amb, which in extreme cases may approach
a triangular shape.

Except for the gsnerally circular amb, the

genus possesses the same characteristics as Granulatisporites."

Cyelogranisporites aureus (Loose) Potonie and Kremp 1955
Plate b, figs. 9, 10 and 11
Synonyms: Reticulati-sporites aureus Loose 193^-*
Punctati-sporites aureus (Loose) Schopf, Wilson and
Bentall 19 IA.
Planl-sporites aureus (Loose) Knox 1950.
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Synonymy from Smith and Butterworth 1967 * P* 1^2.
Diagnosis (translation of Potonie and Kremp 1955> P* 6l): "Amb
circular.

Laesurae one-half to two-thirds of radius.

Grana over

1 micron in diameter; 70 to 100 project at margin."
Size in microns: 50-80 (Potonie and Kremp 1955); 5^-82, with occa
sional specimens up to 99 (Smith and Butterworth 1967 )Discussion: Laesura may sometimes be more than three-fourths of
the radius.
Occurrence: See spore distribution charts.
Cyclogranisporites minutus Bharadwaj 1957
Plate U, figs. 12 through 15
Diagnosis (from Smith and Butterworth 1967 * P« 1^3 after Bharadwaj
1957> P- 8 3 ): "Circular (subcircular due to secondary folds).,
trilete mark having two rays distinct but one faint and small,
rays one-half radius long, extrema lineamenta rough due to minute
grana, regularly distributed all over the surface and appearing
minutely punctate.

Spore coat medium thin, 90 grana along the

circumference."
Size in microns: 3^-^3 (Bharadwaj 1957)*
Discussion: Spores more or less conforming to the above diagnosis
are present in most samples examined during this investigation.
They seem, generally, to fit the description for Cyclogranisporites
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cf. minutus Bharadwaj 1957 as given by Smith and Butterworth (1 9 6 7 ;
p. 1^3) which is as follows: "Amb circular unless distorted by
compression; margin minutely notched to almost smooth.

Laesurae

simple, straight, sometimes faint, two-thirds to three-quarters
of spore radius.

Ornament of grana 0.5-1*0 micron in diameter and

height; spaces between grana irregular and less than their diameter;
50 to 70 project from margin.

Exine thin, compression folds

generally developed close to margin."

Size in microns: 39-^5; 37-57; 41-52 (various horizons, Smith and
Butterworth 1 9 6 7 ).

Occurrence: Commonly present; see spore distribution charts.

Genus DEESOSPORITES (Berry)
Butterworth, Jansonius, Smith and Staplin 1964

Type species: Densosporites covensis Berry 1937*

Diagnosis (from Smith and Butterworth 1967; P* ^38 after Butter
worth, Jansonius, Smith and Staplin in Staplin and Jansonius 1964,
p. 101): "Spores trilete; outline convexly triangular to subcircular; two-layered; intexine (central body) thin, psilate or
faintly roughened, laesurae indistinct, apical papillae sometimes
present; proximal surface of outer layer evenly arched or with zona
slightly raised above the central proximal area; sutural ridges
weak to strong; sometimes connected at their extremities to the
zonal region; proximal sculpture generally absent or minor except
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for scalloping of the zona in some species, faint roughening or
granulosity of the central proximal area, and granules, spines or
apiculae on the zona; sculpture of central distal area usually
differentiated from distal zonal surface, usually granulose; zona
psilate, granulose, spinose, apiculose, verrucose, etc.; internal
vacuoles ("rods") rare or absent."
Comparison: Cingulizonates (Dybova and Jaehowicz) Butterworth,
Jansonius, Smith and Staplin 1964 is distinguished by its bizonate
cingulum.

Cristatisporites (Potonie and Kremp) Butterworth,

Jansonius, Smith and Staplin 1964 has mammoid or setose ornamen
tation.
Discussion: The few specimens of Densosporites recorded during the
present study are in poor condition and may be reworked from older
strata.
Densosporites sp. A
Plate 4, figs. l6 and 17
Description: Cingulum about 8 microns wide, has faint grana.
Cingulum only slightly thicker than central body.
onto and nearly across cingulum.
thickened along rays.

Rays extend

Rays slightly elevated; exine

Body laevigate to faintly granulate.

Size in microns: 38-42.
Occurrence: Three specimens were recorded from shale above the
lineveh coal at its type locality.
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Densosporites sp. B
Plate h} fig. 18
Description: Cingulum thick and 6-8 microns wide.
■very thin; rays very thin to not visible.

Central body

Cingulum roughened.

Size in microns: 56 -5 8 .
Occurrence: Two specimens were observed from shale above the Nineveh
coal at its type locality.
Genus DICTYOTIDIUM (Eisenaek) Staplin 1961 '
Type species: Dictyotidium dictyotum (Eisenaek) Eisenaek 1955Diagnosis (from description by Staplin 1961 , p. ^17 ): "Vesicle
spherical; surface reticulate, ridges low, distinct, lacunar areas
polygonal; some species with two distinctly smaller lacunae, one
at each pole; small apiculae or spines may arise from the ridges;
papillae may be present in the floors of lacunae."
Dictyotidium sp. A
Plate 5j figs. 1 and 2
Description: Vesicle more or less spherical; surface reticulate,
ridges low, distinct, lacunar areas polygonal.

Papillae are

present in the floors of the lacunae.
Size in microns: About jk-.
Occurrence: Recorded only from the Larsh-Burroak shale.
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Genus DICTYOTRILETES (Naumova) Smith and Butterworth 19^7

Type species: Dictyotriletes bireticulatus (Ibrahim) Potonie and
Kremp

Diagnosis (from Smith and Butterworth 1 9 6 7 .? p- 19^): "Radial, tri
lete miospores.

Exine with reticulate sculpture.

Arrangement of

muri may give a well-defined or poorly defined reticulum.

The muri

may project at the amb, or may be low and scarcely recognizable.
Lumina regular, or highly variable in shape, generally greater than
6 microns in diameter.

Reticulum may be confined to distal surface."

Discussion: Certain spores formerly assigned to Ret iculat isporite s
(Ibrahim) Potonie and Kremp 195^ have been excluded from Reticulatisporites following the demonstration of a cingulum in the type
species of Reticulatisporites. The single species discussed below
was one of those excluded from Reticulatisporites because it has no
cingulum.

It is, however, morphologically far apart from the type

species of Dictyotriletes, and its assignment here seems little
improvement to the present writer.

Dictyotriletes muricatus (Kosanke) Smith and Butterworth 19&7
Plate 5, figs. 3 through 6

Synonym: Reticulati-sporites muricatus Kosanke 1950.

Diagnosis (from Smith and Butterworth 19o7j p- 197): "Amb circular,
outline irregularly crenulate.
radius.

Laesurae distinct, about two-thirds

Exine reticulate with large lumina and thin, but high, and
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frequently folded., twisted muri.

Exine., exclusive of muri, 2-k

microns thick."
Size in microns: 82-9^ (Kosanke 1950); 6 8 -8 9 (Smith and Butterworth

1967).
Occurrence: Presence limited to Little Washington coal and older
strata in the Dunkard; not recorded in any of the Kansas samples.
Dictyotriletes sp. A
Plate b, fig. 20 and Plate 5j fig- 7
Description: Outline more or less round.

Muri about 1 micron wide

and up to 2 microns high, irregularly distributed.
obscured by reticulae.

Laesurae

Exine surface laevigate, thin.

Size in microns: 3 6 -^0 .
Occurrence: Recorded only from shale above the Uineveh coal at its
type locality.
Genus EEDOSPORITES Wilson and Coe 19^0
Type species: Endosporites ornatus Wilson and Coe 19^0.
Diagnosis (from Smith and Butterworth 1967 , p- 270; an extension
of Wilson and Coe 19^0): "Trilete pseudosaccate microspores in
which the intexine and exoexine are separated distally.

In polar

compression the intexine (central body) is surrounded by the
pseudosaccus, both of them being round, or rounded triangular.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

17

^

Laesurae do not extend beyond the equator of the body.

The pseudo-

saccus usually possesses a limbus."

Discussion: Endosporites differs from Florinites Schopf, Wilson
and Bentall 19^U by having proximal attachment of the central body
to the pseudosaccus, and by having a granulate or infragranulate
exoexine rather than an infrareticulate exoexine.

Auroraspora

Hoffmeister, Staplin and Malloy 1955 differs in possessing a thickwalled central body enclosed by a very thin, transparent bladder.

Endosporites ornatus Wilson and Coe 19^-0
Plate 5* figs- 8 and 9 and Plate 6 , figs. 1 through k

Diagnosis (from Wilson and Coe 19^-0, p. l8 L): "General description
as for the genus; outer wall granulose; central body not orna
mented. •. "

Size in microns: 91-113 overall dimensions;

central body

(Wilson and Coe 19^-0); 75-112 overall (present study).

Discussion: E. angulatus Wilson and Coe 19^0 is larger than E.
ornatus and usually somewhat triangular in outline.

Habib (1 9 6 6 ,

p. 6 L7 ) considers E. ornatus to be a junior synonym of E. globiformis (Ibrahim) Schopf, Wilson and Bentall 19^.

Smith and

Butterworth (1 9 6 7 , p. 2 7 2 ) state that a number of species, among
them E. ornatus, E. formosus Kosanke 1950 and E. vesicatus Kosanke
1950, closely resemble E. globiformis but that "comparison of these
species must await the examination of assemblages from the type
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localities and isolated by the same maceration method".

E. ornatus

therefore, should not be considered as a synonym of E. globiformis
at this time.

Occurrence: Recorded only from the Waynesburg "A" coal in the
Dunkard; present in the Kansas samples through the Shawnee and
Wabaunsee Groups.

Genus FABASPORITES Sullivan 196 ^
Plate 6 , figs. 5 and 6

Type species: Fabasporites pallidus Sullivan 1 9 6 U.

Diagnosis (from Sullivan 196 U, p. 378): "Amb oval, sometimes circular.
Exine thin, laevigate, or may bear dispersed grana.
visible.

Wo monolete mark

Exine folded; usually there is a single fold located along

the major axis of the spore."

Comparison and remarks (from Sullivan 196k} p. 379): "This genus is
distinguished from Aletes Somers 1953 and Inaperturopollenites
(Thompson and Pflug) Potonie 1958 by the presence of the single
longitudinal fold.

At low magnifications the fold of the exine

resembles a monolete mark.

This feature coupled with the bean

shaped outline can cause the spores to be mistaken for Laevigatosporites. The location of the fold is presumably controlled by
some inherent weakness in the exine."

Discussion: Vast numbers of Fabasporites Sullivan I9 6 U have been
observed during the course of this study.

At least three species
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are present and were described by Clendening 1967 * These are: F.
molestus Clendening 196J, F* exilis Clendening 1967 , and F. parvus
Clendening 1967 * These spores are present in such vast numbers
that, if included in statistical counts of the present study, they
overwhelm the statistical importance of other genera.

They have,

therefore, been excluded from the counts and are used elsewhere in
this report only as Fabasporites spp.
Genus FLORINITES Schopf, Wilson and Bentall 19 W
Type species: Florinites pellucidus (Wilson and Coe 19^0) Wilson

1958.
Diagnosis (from Smith and Butterworth 19^7^ P* 301 as abbreviated
from Schopf, Wilson and Bentall 19^, p- 56): "Bilateral pollen
grains, broadly elliptical in outline.

Body somewhat more spheri

cal and nearly entirely enclosed by bladder; greatest diameter of
body corresponds to major diameter of bladder; body generally
marked by numerous peripheral folds.

Bladder smooth, finely granu

lose or rugose on exterior surface, reticulate on inner surface,
tends to be obsolescent in central proximal area.

Bladder and body

walls are joined distally, and centrally from this junction there
is no evidence of reticulation.

Trilete imprint (where discernible)

is vestigial."
Comparison: Florinites superficially resembles C-uthorlisporites
Bharadwaj 195^*

Guthorlisporites has a distinct body and trilete

mark and also differs in that the saccus covers the entire distal
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face of the body and not the proximal face.

The latter distinction

is not necessarily of much value in practice.

Florinites florini Imgrund 19 60
Plate 6 , figs. 7> 8 and 9

Diagnosis (from Smith and Butterworth 19^7^ P* 302): "Amb circular
to moderately oval.
not recognizable.

Outline somewhat rough.

Tetrad mark mostly

Internal reticulum on the central body with a

distinctly finer meshwork.

Outline of central body frequently

scarcely recognizable."

Size in microns: 50-70 (imgrund i9 6 0 ); i+8 -6 5 (present study).

Discussion: Smith and Butterworth (1 9 6 7 * P* 302) report Florinites
cf. florini with a size variation., in the maximum dimension, from
U2-79 microns with body maximum dimension from 25-32 microns.

They

state (p. 303) that it is possible their F. cf. florini is the
saccus of F. mediapudens (Loose) Potonie and Kremp 1956 and also
that the few forms with well defined bodies are difficult to assign
to one species in preference to the other.

Occurrence: Sporadic^ see spore distribution charts.

Florinites mediapudens (Loose) Potonie and Krenrp 1956
Plate 7, figs. 1 and 2

Synonyms: Reticulata-sporites mediapudens Loose 193^Endosporites mediapudens (Loose) Dybova and Jachowicz 1957*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

178

Synonymy from Smith, and Butterworth 1987; p. 303*

Diagnosis (from diagnosis and description in Smith and Butterworth
1987, p- 303): Central body often distinct.

Breadth of saccus

surrounding central body as great as, or less than, radius of central
body.

Trilete mark generally not apparent.

in equatorial view oval.

Amb roughly oval, shape

Body often distorted by folding.

Size in microns: 50-85 (Potonie and Kremp 1958).

Smith and Butter

worth (1967, p. 303) report maximum dimensions ranging from k2 -jd
microns.

Discussion: Smith and Butterworth (p. 303) state, "There is con
siderable overlap in the size ranges of F. pellucidus and F. media
pudens and as there is no morphological basis for separating these
species in practice, the authors consider that there is no reason
for recognizing F. pellucidus as a distinct species.” F. triletus
Kosanke 1950 differs from F. mediapudens by having a distinct trilete
mark.

This highly variable character does not seem to be adequate

for specific identification.

Occurrence: Occurs sporadically throughout the strata studied.

Florinites pumicosus (Ibrahim) Schopf, Wilson and Bentall 19^Plate 7, figs. 3 , h and 5

Synonyms: Sporonites pumicosus Ibrahim in Potonie, Ibrahim and
Loose 1932.
Beticulata-sporites pumicosus Ibrahim 1933-
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Zonaletes pumicosus (Ibrahim) Luher in Luber and Waltz
1938.
Florinites? pumicosus (Ibrahim) Schopf, Wilson and
Bentall 19kk.

Synonymy from Smith and Butterworth 19^7, p- 305Diagnosis (from diagnosis and description in Smith and Butterworth
1987 ^ P- 305): Central body indistinct to unrecognizable.

Saccus

surrounding body (where visible) has width less than radius of
body.

Amb oval to nearly circular.

Size in microns: 80-100 (Potonie and Kremp 1956 ); 77-117 maximum,
52-99 minimum (Smith and Butterworth 1967 ); 88-126 maximum (present
study).
Discussion: Resembles F. florini Imgrund 1960, but usually larger.

Occurrence: Sporadic; see spore distribution charts.
Florinites similis Kosanke 1950
Plate J3 fig- 8 and Plate 8 , figs. 1 and 2
Diagnosis (from Kosanke 1950, p. ^9): Body originally spherical,
often sharply folded due to compression, apparently alete,
minutely granulate.

Amb elongate-elliptical.

laevigate, reticulate internally.

Saccus externally

Lumina less than 3 microns.

Size in microns: Saccus, maximum 124-1^2, minimum 88-97 (Kosanke
1950).

Saccus, maximum 112-l6l, minimum 99-127; body, maximum
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65-92, minimum 55-72 (Smith, and Butterworth 19^7^ P* 306); 105-146
maximum (present study).
Discussion: F. similis is larger than F. mediapudens (Loose) Potonie
and Kremp 1956Occurrence: Recorded only from the Stull shale in Kansas; present
throughout the Dunkard strata.
Florinites visendus (Ibrahim) Schopf, Wilson and Bentall 1944
Plate JP figs. 7 and 8
Synonyms: Reticulata-sporites visendus Ibrahim 1933*
Florinites? visendus (Ibrahim) Schopf, Wilson and Bentall
19y+.
Synonymy from Smith and Butterworth 1967 ^ p. 306.
Diagnosis (from Smith and Butterworth 19&7; p. 306): "-Amb circular
to oval; shape in equatorial view somewhat phaseolate; margin more
or less smooth.

Central body indistinct."

Size in microns: 150-175 (Potonie and Kremp 1956).

Saccus maximum

122-186, minimum 79-1^6 (Smith and Butterworth 1967 ); 128-184
maximum (present study).
Discussion: Resembles F. pumicosus (Ibrahim) Schopf, Wilson and
Bentall 1944, but is distinctly larger.
Occurrence: Wot recorded from the Kansas samples; present throughout
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the Dunkard.
Genus A
Plate 8 , figs. 3 and b
Description: Amh probably originally round.

Exine thin, about 1

to l-l/2 microns; surface laevigate, finely granulate or rugose.
Ornamentation is too fine to be distinct at 630 X.
may, or may not, be present.

Apical papillae

Laesurae are accompanied by prominent

folds, or slight thickenings, which continue as prominent arcuate
folds around the entire equator of the spore.
Size in microns:

-100.

Occurrence: Recorded only from the Washington "Rider" coal.
Genus B
Plate 8 , figs. 5, 6 and 7> and Plate 23, fig. 11
Description: Amb broadly triangular, sides strongly convex.
Laesurae prominent, elevated, and reach to body margin.

Exine

extremely thin and folded; body folds observed have been restricted
to the distal surface.
body and cingulum.

Exine laevigate to faintly punctate on both

Cingulum known to range from ^-10 microns wide,

varies with size of specimen.

Laesurae accompanied by prominent

folds and/or thickenings throughout their length; the folds may
continue as small arcuate ridges.
Size in microns: 58-98 (maximum total dimension).
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Occurrence: Recorded from the Upper Washington limestone and the
Wykert core in the Dunkard; the Stull and Salem Point shales in
Kansas.
Genus C
Plate 8 , figs. 8 and 9
Description: Monosaccate; amb extreme rounded triangular, i.e.,
nearly round.
convex.

Central body slightly triangular, sides strongly

Saccus very thin and has a limbus about midway between

the body and saccus margin.

Trilete rays long, extend to limbus.

Small folds radiate from junction of body and saccus and extend
across saccus to margin of spore.
Size in microns: Body 38; saccus extends about 12 microns beyond
body.
Occurrence: A single specimen was recorded from the Wykert core
(9 5 -0 -9 6 .1 feet).
Genus D
Plate 9j fig- 1
Description: Monosaccate, alete (?); outline round.
bi- and possible tri-zonate.

Central body

Small folds radiate outward from

center across both body and saccus.
Size in microns: ?6 x 56 (overall); AA x b2 (body).
Occurrence: A single specimen was observed from the Salem Point shale.
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Genus E
Plate 9^ fig* 2
Description: Monosaccate; trilete; body rounded triangular, angles
well-rounded, sides convex; laesurae up to 1^ microns long.
very thin and crossed by folds radiating from body area.

Saccus

Saccus

probably originally round and has no limbus.
Size in microns: Body 30-32; Saccus 5^-60 (two specimens only).
Occurrence: Recorded only from the Havensville shale.
Genus F
Plate 23, fig. 12

Description: Monosaccate; trilete; body round, faintly granulate.
Saccus has an extremely fine mesh network barely discernible at
6 30 x.

There is a radial arrangement to the saccus network, i.e.,

it radiates from body outward, appearing as faint striations.
Saccus may be folded but has no limbus.

Laesurae about 10 microns

long.
Size in microns: Saccus, JO; body, 32.
Occurrence: A single specimen was recorded from the Havensville
shale.
Genus G
Plate 9, fig. 3
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Description: Cingulate, trilete spore.
8 microns wide.

Cingulum finely granulate,

Central body ornamentation fingerprint-like.

Trilete rays about l6 microns long, distinct.

Size in microns: 5 8 .

Occurrence: A single specimen was recorded from the Havensville
sbale.

Genus H
Plate 1 6 , figs. 5, 6 and 7

Description: Spore body approximately round.

Densely covered

with baculate and/or clavate processes which are, or may be in
part, fused to form cristae.

Ornamentation elements 2 to ^ microns

high and known up to 8 microns wide when cristate.
have stalks from 1 to

Clavate elements

microns wide and heads from a little less

than 2 to nearly 6 microns wide.

Bases of ornaments are apparently

only 2 to 3 microns apart, thus resulting in a very crowded condi
tion.

The projections are covered by an extremely thin, transparent,

laevigate perisporiate cover (membrane).

The trilete rays are

usually distinct, but may be obscured by the heavy ornamentation;
all rays observed were 20 to 2 2 microns in length.

Size in microns: 58-70 (excluding ornamentation and perisporiate
cover).

Occurrence: Recorded only from the Waynesburg "A" coal.
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Genus GILLESPIEISPORITES Clendening 1969

Type species: Gillespieisporites venustus Clendening 1 9 6 9 *

Diagnosis (from Clendenirg 19^9^ p« 263-26k): "Spores are radial,
trilete, rounded triangular; generally flattened in proximaldistal orientation although commonly eccentrically so, probably
because of the broad ornamented base.

The proximal surface may be

tubulate, punctate, finely reticulate, or apparently laevigate for
about two-thirds to three-fourths of its width; the area so orna
mented roughly corresponds to the length of the triradiate mark.
The distal surface is distinctly adorned with a variety of broad
based projections which vary in density from crowded to sparse.
The all-inclusive term "projections" seems most appropriate for the
ornamentation of the distal surface although such terms as tuberculate, verrucate and echinate would sometimes be fitting.

The

dimorphic type of spore coat assures rapid identification of the
genus."

Comparison (from Clendening 1S&9, p. 2 6 9 ): Gillespieisporites has
features in common with several described genera but is readily
distinguishable from such genera as Granulat isporites (Ibrahim)
Potonie and Kremp 19 5

Triquitrites (Wilson and Coe) Potonie and

Kremp 195^ an(i Apiculatisporis (Ibrahim) Potonie and Kremp 195^the basis of its dimorphic ornamentation.

It is distinctly different

from Mooreisporites Keves 1958 in that the apices are not favored
areas of projection development nor are there scattered projections
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on the proximal surface as in Mooreisporites. Anapieulatisporites
Potonie and Kremp 195^ is defined as roundly triangular to circular
whereas Gillespieisporites is never circular hut always distinctly
rounded triangular as in Granulatisporites. The distal ornamentation
of Anapieulatisporites has more or less the same pattern as that of
Apiculatisporis and Acanthotriletes (Naumova) Potonie and Kremp 195^>
i.e. coni that have a broad base but a height that exceeds the basal
width, commonly by twice the basal diameter.

As described above,

the projections of Gillespieisporites are markedly different in
character with the basal width normally exceeding the height.

Gillespieisporites venustus Clendening 19^9
Plate 9, figs. U through 10

Diagnosis (from Clendening 1969.? P* 26 k): "General morphology as
described for the genus is quite variable.

Projections of the

distal surface and the lateral margin (including approximately
one-fourth to one-third of the proximal face) rise from the exine
surface from 1 to 12 microns although generally the projections are
less than 7 microns high and the width at the base is usually
greater than the height, commonly 8 to 15 microns wide.

The mor

phologic characteristics of the projections vary greatly; they are
broad based and may be squat and rounded or they may be either short
or high (known up to 12 microns), tapered, usually have blunt tips
but may be pointed, and range in density from sparse to crowded.
The projections are generally darker in color than the spore body
and this occasionally gives the spores the general appearance of
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Triquitrites (Wilson and Coe) Potonie and Kremp 195^-•

The spore coat of the proximal face is from 2 to 3 microns
in thickness and thickens distally to U to 5 microns, excluding
projections.

The trilete mark is distinct, appreciably opened only

rarely, and the rays range in length from 15 to 28 microns with a
mean of 20.8 microns and a standard deviation of 2-7 microns.

The

lips are only slightly developed, but appreciably thickened or
raised.

The length of the rays and the tubulate, punctate, finely

reticulate, or laevigate proximal face ornamentation is more or
less correlative with the proximal face ornamentation area being
equal to or extending slightly beyond the length of the rays.

The

tubulate condition is usually observable only on specimens compressed
more or less in lateral view (perpendicular to polar axis).

Those

specimens preserved in good proximal-distal orientation have the
appearance of being punctate, reticulate or occasionally apparently
laevigate— The angles are well rounded; sides are convex."

Size in microns: ^-5-78 (Clendening 1 9 6 9 ).

Occurrence: Statistically important in the Jollytown coal; occurs
throughout the Dunkard strata and recorded from many of the Kansas
localities (see spore distribution charts).

Gillespieisporites sp. A
Plate 9, figs. 11 and 12

Description: Generally like Gillespieisporites venustus except
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smaller, exine relatively thick, and ornamentation elements are
not as high or broad.

Size in microns: 25-U6.
microns.

The majority of specimens are about UO

Specimens less than 35 or more than ^3 microns are rare.

Occurrence: Hot present in the Dunkard; recorded in the Kansas
samples from the Stull shale through the Havensville shale.

Genus GRAMJLATISPORITES (Ibrahim) Potonie and Kremp 195^

Type species: Granulatisporites granulatus Ibrahim 1933-

Diagnosis (from Smith and Butterworth 1967; p- 138; translation of
Potonie and Kremp 195^; P* 126): "Trilete isospores or microspores,
more or less triangular, and with no differentiation other than a
closely granular ornament of the exoexine.

The grana are approxi

mately circular, more or less of identical size within each species,
and sometimes arranged in a fairly well-defined pattern.

In pro

file the grana are flat or rounded."

Comparison: The triangular amb and the regular granulate nature of
the ornamentation distinguish Granulatisporites from other genera.
The grana are so small that they barely modify the margin of the
spore.

Granulat isporites adnatoides (Potonie and
Kremp) Smith and Butterworth 1967

Diagnosis (from Smith and Butterworth 1967; p* 139): "Amb triangular,
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sides slightly concave to slightly convex., angles broadly rounded.
Laesurae simple, straight, reaching almost to amb.

Exine very

finely granulate."

Size in microns: 30-^0 (Potonie and Kremp 1955); 27-38 (Smith and
Butterworth 1 9 6 7 )*

Granulat ispor ite s cf. adnatoides
(Potonie and Kremp) Smith and Butterworth 1967
Plate 9, figs. 13 through l6

Discussion: Differ from Granulatisporites adnatoides only in size.
Specimens recorded in the present study range from k0-K6 microns.

Occurrence: Sporadic; see spore distribution charts.

Granulat isporites minutus Potonie and Kremp 1955
Plate 9, figs. 17 through 20

Diagnosis (from Smith and Butterworth 196 7 , P* 1^-1; expanded from
Potonie and Kremp 1955.; P» 59): "Amb triangular, angles broadly
rounded, sides concave.

Laesurae straight, simple, sometimes open,

one-half to three-quarters of spore radius in length; contact areas
sometimes darker.

Ornament of discrete grana, slightly less than 1

micron in diameter; uneven in distribution; 35 to kO project at the
equator.

Exine very thin, folding frequent."

Size in microns: 20-25 (Potonie and Kremp 1955); 18-27, 18-28, 16-25
(various horizons, Smith and Butterworth 1 9 6 7 ).
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Occurrence: Sporadic; see spore distribution charts.
Granulatisporites piroformis Loose 193^
Diagnosis (from Smith and Butterworth 1967 , p. l4l; translation of
Potonie and Kremp 1955.? P* 60): "Amb triangular with more or less
concave sides; approximately 65 grana of about 1 micron diameter
on the margin."
Size in microns: 25-40 (Potonie and Kremp 1955)*
Granulatisporites cf. piroformis Loose 1934
Plate 9, figs. 21 through 24
Description (from Smith and Butterworth 1967 , p. l4l): "Amb tri
angular, angles broadly rounded, sides concave.

Laesurae simple,

one-half to two-thirds of spore radius, sometimes open.

Ornament

of closely packed, rounded grana, less than 1 micron in diameter,
bases touching; 40 to 50 project at the equator.

Exine thin,

folding infrequent."
Size in microns: 19-38 (Smith and Butterworth 1967 ); 26-42 (present
study).
Discussion: Specimens possibly assignable to this taxon, recorded
during the present study, are most like the description given by
Smith and Butterworth for their G- cf. piroformis and quoted above.
The species was recorded by them from the Bamurian A of Scotland,
much older than the strata of the present study.

It is, therefore,
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entirely possible that the specimens recorded here should be assigned
elsewhere.

Occurrence: Sporadic.

Genus GUTHORLISPORITES Bharadwaj 195^

Type species: Guthorlisporites magnifieus Bharadwaj 1954.

Diagnosis (translation of Bharadwaj 1954, p* 518): "Equatorial out
line of miospore circular to oval.

Central body clearly recognizable,

round to rounded triangular, its sides strongly folded.

Proximal

side of the central body is free (from the saccus) and distinctly
displays a trilete mark, the rays not reaching the equator of the
central body.

Saccus intrareticulate, and possesses no limbus or

equatorial thickening.

Saccus usually not folded."

Guthorlisporites sp. A
Plate 23, fig* 13

Description: Conforms to generic diagnpsis.
folded.

Distinct central body,

Body 50 microns, saccus maximum 84 microns.

Occurrence: A single specimen was recorded from the Blue Rapids
shale.

Genus HAMIAPOLLEHITES Wilson 1962

Synonyms: Protodiploxypinius Samoilovich 1953; partim.
Proteeedrus Samoilovich 1953; partim.
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Protohaploxypinus Samoilovich 1953j> partim.
Striatocedrites ex. Abramova & Marchenko i9 6 0 .
Hamipollenites Jansonius 1 9 6 2 .
Minutisaccata Hart 1963 .

Synonymy from Hart 1^6kbf p. II9 U.

Type species: Hamiapollenites saccatus Wilson 1 9 6 2 .

Diagnosis (from Hart 196^b, p. 119*0: "Disaccate Striatiti,
diploxylonoid in outline.

The central body is circular or with a

t-a of 1-a elongation, and possesses longitudinal ribs and striae
on the proximal and often lateral surfaces of the cap.

Running

transversely across the central part of the distal surface is
either a keel (single transverse thickening or two transverse
thickenings flanking a central groove), or a number of transverse
ribs.

The sacci are small: less than the size of the central body

and are attached almost terminally so that the distal zone is wide
The length of the distal roots are much less than t-a (C. B.)."

Discussion: Hamiapollenites is distinguished from other striate,
bisaccate genera by its transverse ribs and by the relative sizes
of the body and sacci.

Hamiapollenites tractiferinus (Samoilovich) Hart 196 *4Plate 10, fig. 1

Synonym: Protodiploxypinus tractiferinus Samoilovich 1953*
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Diagnosis (from Hart 1965 ., p. 50): "Hie proximal cap shows 6 to 8
longitudinal rihs in polar view.

The distal keel is a single.,

sinuous or straight, transverse thickening.

The central body is

elongated in the 1-a direction."

Size in microns: Total length, 60-82; total width 33-^-l (Hart 1 9 6 5 ).
Total length, 58-92; total width, 29-58 (Jizba 1 9 6 2 ).

Discussion: H. tractiferinus is apparently synonymous with Striatosaccites tractiferinus (Samoilovich) Jizba 1 9 6 2 . The size ranges
given by Jizba (p. 88 l), slightly larger than those of Hart, are
applicable in the present study.

Occurrence: Hot present in the Dunkard; recorded from the LarshBurroak and Wellington shales in Kansas.

Hamiapollenites sp. A
Plate 9, fig. 25 and Plate 10, figs. 2 through 7

Description: The proximal cap has 6 to 12 longitudinal ribs and
the distal surface has 1 to 5 transverse ribs.
siderably smaller than the body.

The sacci are con

The transverse axis of the body

is greater than the longitudinal axis.

Size in microns: Total length, U6-72; width, 28-U8 .

Discussion: Distinguished from H. saccatus Wilson 1962 by the number
of transverse ribs.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

Occurrence: Present in the Dunkard in and above the Upper Washington
limestone; not recorded from the Kansas samples.
Incertae sedis
Plate 10, fig. 8
Description: Monolete (?); prominent folds parallel to suture (?).
Entire exine granulate.

Has general appearance of Cycadopites

(Wodehouse) Wilson and Webster 194-6.
Size in microns: 98 x 40.
Occurrence: A single specimen was recovered from the Little
Washington coal.
Genus INDOSPORA Bharadwaj i960
Type species: Indospora clara Bharadwaj i9 6 0 .
Indospora stewarti Peppers 1964Plate 10, fig. 9
Diagnosis (from Peppers 1964, p. 23): "The spores are radial, trilete, strongly triangular in outline, and often in poor proximaldistal orientation.

Corners opposite the rays are pointed, and

the interradial sides are straight to slightly convex, occasionally
slightly concave.

A prominent triradiate ridge about 3 microns

wide is present on the distal side opposite the trilete rays and
at the corners extends about 3 microns beyond the margin.

The

ridges are most prominent on the inner surface of the distal side
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and are elevated only slightly above the outer distal surface.
The trilete rays are usually distinct and extend to the margin
of the spore wall.

The spore coat is somewhat darker adjacent to

the commissure, which is usually open.

The spore is often obliquely

compressed, displacing the rays so they are not exactly opposite
the distal ridges.

The surface of the spore body is covered with

widely distributed fan-shaped projections that are usually divided
into two or more minute subdivisions at the ends.

The major pro

jections are about 3 microns long and 2 .5 microns wide at their
ends.

Scattered between the major projections are widely spaced,

small, circular, cone-shaped projections less than 1 micron in
diameter.

The triradiate ridge has a flat, smooth crest, but under

oil immersion objective minute coni can usually be seen along the
sides of the ridge.

The spore coat is less than 1 micron thick."

Size in microns: 2 9 .5 - 3 8 .9 (Peppers 196k).
Occurrence: Recorded, in the present study, only from the Havensville shale.
Genus LAEVIGATOSPORITES Ibrahim 1933
Type species: Laevigatosporites vulgaris Ibrahim 1933Diagnosis (from Smith and Butterworth 1967 ^ P- 28l; translation of
Potonie and Kremp 195^, P- 1^5): "Monolete spores.

Outline smooth.

Laevigate to infrapunctate. Arnb more or less oval; shape in
meridian plane, phaseolate.

Distal margin slightly, and not, as
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in Latosporites, markedly convex; polar axis therefore relatively
shorter than in Latosporites. Exine sculptureless.
straight."

Monolete mark

See discussion below.

Discussion: The present writer accepts the exclusion of spores other
than laevigate forms from the genus Laevigatosporites. Hot acceptable^ however; is the genus Latosporites which; as defined by Potonie
and Kremp (195^j P* l65).> would exclude an appreciable number of
laevigate species; including the type species, from the genus
Laevigatosporites. Potonie and Kremp in their original description
of the genus Latosporites state (translation); "in typical forms of
this genus the polar axis is half as long as, to as long as, the
longest equatorial axis."
Many thousands of specimens assignable to Laevigatosporites
have been observed during the course of the present study.

It is

safe to say; that indeed most of these specimens would have to be
assigned to Latosporites, if the criteria to be applied is a polar
axis at least half as long as the longest equatorial axis.
Smith and Butterworth (1 9 6 7 , p. 2 8 1 -2 8 3 ) report their
results of measurement of approximately 7 00 specimens to ascertain
variation in length/breadth ratio.

They found no significant

variation; the breadth of most of the spores measured by them was
between five-eights and three-quarters of the length.

They further

report (p. 2 8 3 ), "There were, however, occasional specimens in which
the breadth was more than seven-eights of the length and a few with
a breadth of less than one-half of the length".

In other words, all
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but "a few" of their specimens would have to be assigned to Lato
sporites if the generic diagnosis of Latosporites Potonie and
Kremp 195^ is used.

Similar results would prevail in the present

study.
The following diagnosis has therefore been adopted for
the current study: Spores monolete.

Outline smooth.

infrapunctate, infragranulate or infrareticulate.

Laevigate to

Amb oval to

approximately circular; shape in transverse (end) view., round to
oval; shape in lateral (equatorial) view, phaseolate (bean-shaped)
to essentially round.
convex.
straight.

Distal margin may, or may not, be markedly

Proximal margin straight to concave.

Suture relatively

Exine may be variously folded depending on the size and

morphology of the various specific types.

Laevigatosporites desmoinesensis (Wilson and Coe)
Schopf, Wilson and Bentall 19Mt
Plate 10, figs. 10, 11 and 12

Synonyms: Phaseolites desmoinesensis Wilson and Coe 19^0.
Laevigato-sporites desmoinensis (Wilson and Coe)
Schopf, Wilson and Bentall l$)kk.

Diagnosis (adapted from Wilson and Coe 19^0; P> 182): Amb oval.
Lateral view bean-shaped (phaseolate).

Exine unornamented.

Size in microns: length 60-75; width (polar axis) 39~^2 (Wilson
and Coe 19^0); length 60-82, width 3 ^-^5 (present study).
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Discussion: It should be noted that the spelling of the specific
name as given by Schopf, Wilson and Bentall l^bk (p. 37) is
incorrect.

The original spelling given by Wilson and Coe 19^+0

(p. 1 8 2 ) is used in this report (see above).
L. desmoinesensis is here considered distinct from L.
vulgaris Ibrahim 1933-

L. desmoinesensis is used in this report

for spores of the above description which have a smaller relative
width in equatorial view than does L. vulgaris.
Occurrence: Sporadic; see spore distribution charts.
Laevigatosporites dunkardensis Clendening (in Press)
Plate 10, figs._^13, 1^+ and 15 and Plate 23, fig- 5
Synonym: Laevigatosporites plicatus Clendening 1989 *
Diagnosis (from Clendening 1969 * P* 2 6 3 ): Proximal and distal views
oval.

Suture straight, simple, one-half to two-thirds spore length,

often not clearly definable.
orientation of folds.

Exine much folded with no definite

Exine 1 .5 microns or less in thickness and

laevigate.
Size in microns: length U6-95j width in equatorial view 30-60
(Clendening 1 969 ).
Discussion: Specimens up to 100 microns in length have been included
in this species in the present study.
Occurrence: Present in most samples from the Dunkard; sporadic in
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the Kansas samples of the present study.
Laevigatosporites medius Kosanke 1950
Plate 10, figs. 16 , 17 and 18
Synonym: Laevigato-sporites medius Kosanke 1950.
Diagnosis (from description in Kosanke 1950, p. 29): M b elongate
to oval.

Suture and lips distinct.

Exine laevigate to minutely

granulate, 2-2.5 microns in thickness.
minor folds.

Exine frequently exhibits

Suture averages 25 microns in length.

Size in microns: length 3 6 -^3j width 25-29 (Kosanke 1950); length
36-46 (present study).

Discussion: See discussion under L. minimus.
Occurrence: Present in most samples of the present study; see spore
distribution charts.
Laevigatosporites minimus (Wilson and Coe)
Schopf, Wilson and Bentall 19^1+
Plate 10, fig. 19 and 20
Synonyms: Phaseolites minimus Wilson and Coe 19^-0.
Laevigato-sporites minimus (Wilson and Coe)
Schopf, Wilson and Bentall 19 ^.
Diagnosis (adapted from Wilson and Coe 19^0, p. 183 ): M b oval.
Shape in equatorial view phaseolate.

Exine unornamented.
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Size in microns: length. 21 to 29; width in equatorial view 17-20
(Wilson and Coe 19^+0); length 20-35 (present study).

Discussion: A length of thirty-five microns has been accepted as
an arbitrary dividing line between L. medius and L. minimus.

Occurrence: Present throughout the entire stratigraphic interval
of the present study.

Laevigatosporites ovalis Kosanke 1950
Plate 10; figs. 21 through 2U

Synonym: Laevigato-sporites ovalis Kosanke 1950.

Diagnosis (from description in Kosanke 1950; p. 29): Amb oval.
Phaseolate to oval in the plane of longitudinal symmetry.
rare; exine distinctly laevigate.
of spore and frequently open.
2-2.5 microns in thickness.

Folding

Suture one-half or more length

Distinct lips are present.

Exine

Width of spore about three-fourths of

total length.

Size in microns: length ^-5-65 (Kosanke 1950).

Discussion: L. ovalis is not considered a synonym of L. vulgaris
Ibrahim 1933 as given by Potonie and Kremp 1956.

It is distinctly

smaller and therefore believed to be a distinct species.

The

length/width ratio of the species is apparently about the same.

Occurrence: Recorded from most samples of the present study; see
spore distribution charts.
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Laevigatosporites perminutus Alpern 1958
Plate 10, figs. 25 and 26

Diagnosis (translation of Alpern 1958,

p. 80): "Very smallmicro

spore; oval to round; monolete slit distinct; exine smooth, rarely
folded."

Size in microns: 12-l6 (Alpern 1958).

Discussion: Distinguished from other species of Laevigatosporites
by its very small size.

Occurrence: Hot recorded in the Dunkard; abundant in the Wabaunsee
Group of Kansas.

Laevigatosporites robustus Kosanke 1950
Plate 11, fig. 1

Synonym: Laevigato-sporites robustus Kosanke 1950.

Diagnosis (from description in Kosanke

1950, p. 30): Amboval,

broadly bean-shaped in equatorial view.

Distinctly laevigate.

Suture one-half to two-thirds length of spore, sometimes open.
Lips usually not distinct.

Exine 1-5-2 microns thick.

Small

folds are common.

Size in microns: length 79-8-150 (Kosanke 1950); 86-120 (present
study).

Discussion: If the suture is long (about two-thirds spore length)
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it would be impossible to distinguish L. robustus from L. vulgaris
as here used.

L. robustus is used in this report for spores of the

above description but with a suture length less than two-thirds of
the total spore length.

Occurrence: Sporadic; see spore distribution charts.

Laevigatosporites vulgaris Ibrahim 1933
Plate 11, figs. 2 and 3

Synonyms: Sporonites vulgaris Ibrahim in Potonie, Ibrahim
and Loose 1932.
Laevigato-sporites vulgaris Ibrahim 1933•
Laevigato-sporites vulgaris forma major Loose 193^*

Diagnosis (from Smith and Butterworth 19&7; P* 285; after Ibrahim
1 9 3 3 , p. 39): "-Amb oval, shape in equatorial view, phaseolate;

margin smooth.

Laesura about two-thirds length of spore.

Exine

laevigate to faintly punctate (? infrasculpture), about 1 micron
thick."

Size in microns: 70-100 (Loose 193*0 j 70-100 (Potonie and Kremp
1956).

Discussion: The status of this species is confusing and has been
variously used by different authors.

The use here is arbitrary

and is not intended to resolve taxonomic problems involving the
species.

The name is used in this paper for spores as described

above and with a width in equatorial view of approximately (+)
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three-fourths the length of the spore.

This is in agreement with

L. vulgaris illustrated by Smith and Butterworth (1 9 6 7 ) and by
Potonie and Kremp (1 9 5 6 ).

Occurrence: Sporadic.

Laevigat ospor it es sp. A
Plate 11, figs. k and 5

Description: Monolete suture distinct, straight, simple, about twothirds length of spore.

Exine almost always folded, much like

Calamospora, and laevigate.

Width of spore 80 percent, or more,

of length; width nearly equals length in some specimens.

Size in microns: Maximum dimension about 8 5 -110.

Discussion: The large size, width-length ratio, distinct suture
and prominent folds combine to distinguish this species.

Occurrence: Restricted to the Washington coal and older strata in
the Dunkard except for a single specimen occurrence in the Windy
Gap coal; not recorded from the Kansas samples.

Genus LATOSPORITES Potonie and Kremp 195^

Type species: Latosporites latus (Kosanke) Potonie and Kremp 195^-

This genus is rejected for reasons given in the discussion of
Laevigatosporites Ibrahim 1933-
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Genus LEIOTRILETES (Naumova) Potonie and Kremp 195^
Type species: Leiotriletes sphaerotriangulus (Loose) Potonie and
Kremp 195^Diagnosis (Smith and Butterworth 19^7> P- 121; translation of
Potonie and Kremp 195^> p- 120): "Trilete isospores or microspores
with smooth margin and triangular amb having distinctly concave,
or slightly to rather strongly convex sides.

Providing the tri

angular shape is still obvious or the three proximal pyramidal
faces are rather steep, the spores belong to Leiotriletes. The
angles of the amb are roughly rounded or blunt.
infrapunctate to infrareticulate.

Occasionally

Trilete rays generally greater

than one-half of radius."
Leiotriletes adnatus (Kosanke) Potonie and Kremp 1955
Plate 11, fig. 6 through 9

Synonym: Granulati-sporites adnatus Kosanke 1950-

Diagnosis (translation of Potonie and Kremp 1955^ P* 39): Laesurae
about three-fourths radius.

Sides concave; exine infrapunctate.

Corners broadly rounded.
Size in microns: 30-^0 (Potonie and Kremp 1955); 30-^2 (present
study).
Occurrence: Sporadic in the Dunkard strata; not recorded from the
Kansas samples.
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Leiotriletes gulaferus Potonie and Kremp 195^
Plate 11, figs. 10 through 13

Diagnosis (translation of Potonie and Kremp 1955> P* ^0): Amb
roundly triangular.

Laesurae more or less distinct.

Exine

folded in peculiar fashion so that one of the rays forms the
main axis of a regular arch.

Size in microns: 30-70 (Potonie and Kremp 1955)*

Discussion: As noted by Potonie and Kremp (l955j P* ^-0) the fold
feature which distinguishes this species.is a preservation char
acteristic.

Occurrence: The species is often present in the Duhkard samples;
occasionally present in the Kansas samples.

Leiotriletes parvus Guennel 1958
Plate 11, figs. Ik through 17

Diagnosis (from description in Guennel 1958, p. 57):

tri

angular; sides concave or nearly straight; corners (angles)
rounded.

Laesurae distinct, extend more than half the distance

to margin; lips present.

Exine thin and unornamented.

Size in microns: 16-28 (Guennel 1958).

Occurrence: Sporadic.
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Leiotriletes sp. A
Plate 11, fig. 18
Description: Exine laevigate; sides strongly concave; corners
broad, rounded; rays distinct, long, about 8 microns.
Size in microns: 18-22.
Occurrence: Recorded from the Silver Lake shale.
Leiotriletes sp. B
Plate 11, fig. 19
Description: Sides broadly convex; distinct folds along rays;
infrapunctate.

Closely resembles L. tumidus Butterworth and

Williams 1958 which occurs in late Mississippian strata.

Size in microns: 60.
Occurrence: A single specimen from shale in the middle of the Upper
Washington limestone.
Leiotriletes sp. C
Plate 11, fig. 21
Description: Sides strongly convex, outline rounded triangular.
Exine laevigate.

Rays distinct, usually open, l/2 - 3A radius.

Small contact area along rays may be darkened.
Size in microns: ir8-5h.
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Occurrence: Recorded from the Salem Point and Havensville shales.

Leiotriletes sp. D
Plate 11, figs. 22, 23 and 2k

Description: Laesurae distinct, long, reach nearly to spore margin,
may be accompanied by folds.

Exine thin, folding common.

Shape

distinctly triangular with sides only slightly concave or convex.

Size in microns: 30-^8.

Occurrence: Present in and above the Upper Washington limestone in
the Dunkard; not recorded from Kansas strata.

Genus LIMITISPORITES (Leschik) Potonie 1958

Synonyms: Pemphygaletes Luber and Yalts l$k± partim.
Sahnites Pant 1955 partim.
Vestigisporites Balme and Hennelly 1955 partim.
Labiisporites Leschik 195& partim.

Synonymy from Hart 1 9 6 5 , p* 80.

Type species: Limitisporites monstruosus (Luber and Valts) Hart 1 9 8 5 *

Diagnosis (from Hart 1 9 6 5 * p. 80): "Disaccate Disaccitrileti,
haploxylonoid or diploxylonoid in outline.

The central body is

circular or has a slight t-a or 1-a elongation.

The proximal

hemisphere of the central body has a centrally placed monolete
aperture.

Lateral bladders are not developed although the sacci
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exines may unite laterally."

Comparison: Limitisporites is distinguished from Illinites Kosanke
1 950 by the nature of the proximal aperture.

Discussion: The specimens assignable to Limitisporites encountered
in the current study could possibly be aberrant forms of Potonieisporites (Bharadwaj) Bharadwaj I9 6 U.

Several specimens which seemed

to have trilete sutures were observed and also some specimens closely
approach being monosaccate.

Limitisporites sp. A
Plate 11, fig. 25

Description: Central body nearly circular to slightly elongated in
transverse axis.

The sacci are greater than semi-circular and

about equal to or larger than the central body.

Body usually folded.

Suture length about l/2 body diameter and open on all specimens
observed.

Size in microns: Body maximum dimension 32-55j bladders, transverse
axis, 3 ^-5 8 , longitudinal axis, 20-3^-•

Occurrence: Recorded only from the Havensville shale.

Genus L0PH0TRILETES (Naumova) Potonie and Kremp 195^-

Type species: Lophotriletes gibbosus (Ibrahim) Potonie and Kremp

195^

•
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Diagnosis (from Smith and Butterworth 1967; p* 155j translation
of Potonie and Kremp 195^-; P* 129): "Trilete isospores or micro
spores, of similar structure to Apiculatisporis, but with the
equatorial outline distinctly triangular rather than circular;
sides generally convex, sometimes concave.

Forms with very convex

sides approaching a circle in equatorial outline are included in
Apieulatisporis."

Lophotriletes commissuralis (Kosanke) Potonie and Kremp 1955
Plate 11, figs. 26 and 27

Synonym: Granulati-sporites commissuralis Kosanke 1950.

Diagnosis (from description in Kosanke 1950, p- 20): Triangular in
outline, angles rounded, sides concave.
coarsely granulate, grana closely spaced.

Exine 1-5-2 microns thick,
Tetrad mark distinct

and extends at least three-fourths of the spore radius.

Commissure

distinct, lips slightly developed but broken, in part, by granula
tions.

Size in microns: 25-3^ (Kosanke 1950); 2U-35 (Smith and Butterworth
1 9 6 7 )j minimum 20 (present study).

Discussion: Distinguished from other species by its finer ornamenta
tion which consists of small coni rather than grana.

Occurrence: May be limited to certain horizons and therefore useful
for local correlations; see spore distribution charts.
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Lophotriletes gibbosus (Ibrahim) Potonie and Kremp 195^
Synonyms: Yerrucosi-sporites gibbosus Ibrahim 1933Azonotriletes gibbosus (Ibrahim) Luber in Luber and
Waltz 1938.
Granulati-sporites gibbosus (Ibrahim) Schopf, Wilson
and Bentall l$kh.
Verrucoso-sporites gibbosus (Ibrahim) Knox 1950.
Synonymy from Smith and Butterworth 19&7, P* 15&Diagnosis (from Smith and Butterworth 1967 ^ P* 15&; translation of
description and diagnosis in Potonie and Kremp 1955* p- 7^)i "Amb
triangular; sides more or less concave; angles markedly rounded.
Trilete rays more than two-thirds of radius; tecta rather high,
vertex sharp, slightly flexuose.

Ornament of small coni differing

slightly in size; apices rounded, seldom flat, about Uo project at
the equator.

Width of coni generally equal to height, but may some

times be greater.

The narrow spaces between the coni give rise to

a negative reticulum."
Size in microns: LO-50 (Potonie and Kremp 1955)Lophotriletes cf. gibbosus (Ibrahim) Potonie and Kremp 195^
Plate 12, fig. 1
Description: Amb triangular, sides slightly concave to slightly
convex, angles broadly rounded.

Laesurae indistinct unless open,

extend one-half to two-thirds of spore radius.

Ornamentation of
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coni 3 to 5 microns high and up to 3*5 microns wide at base.

Size in microns: 3 6 -U8 .

Occurrence: Sporadic.

Lophotriletes microsaetosus (Loose) Potonie and Kremp 1955
Plate 12, figs. 2 through 5

Synonyms: Sporonites microsaetosus Loose in Potonie, Ibrahim and
Loose 1932.
Setosi-sporites microsaetosus (Loose) Ibrahim 1933*
Setosisporites microsaetosus (Loose) Loose 193^*
Granulati-sporites microsaetosus (Loose) Schopf, Wilson
and Bentall l^hk.
Spinoso-sporites microsaetosus (Loose) Khox 1950.
Lophotriletes gibbosus (Ibrahim) Potonie and Kremp;
Guennel 1958-

Synonymy from Smith and Butterworth 1 9 6 7 ? P- 158.

Diagnosis (from Smith and Butterworth 19*37; P* 15®J after diagnosis
and description in Potonie and Kremp 1955; P* 7*0: "A111*3 triangular
with more or less concave sides and markedly rounded angles.
rays weakly flexuose, almost reach equator.

Trilete

Coni moderately pointed,

height about equal to basal width, 2-2.5 microns; about 35 project
at equator.

The coni are so closely spaced as to give the appearance

of a negative reticulum."
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Size in microns: 2^-kO (Potonie and Kremp 1955), 21-39 (Smith and
Butterworth 196 7 )•

Discussion: Specimens as large as Ij-5 microns have been included as
L. microsaetosus (?) in the present study.

Occurrence: Sporadic.

Genus LYCOSPORA (Schopf, Wilson and Bentall) Potonie and Kremp 195^

Type species: Lycospora micropapillata (Wilson and Coe) Schopf,
Wilson and Bentall 19^-•

Diagnosis (from Smith and Butterworth 1967; P*

translation of

Potonie and Kremp 195^+, P- 156): "Trilete isospores and microspores
having a cingulum, approximately cuneiform in cross-section around
the equator.

The height of the wedge in section may be more than

double its width at the base.

The cingulum tapers down to its

periphery^ thus giving the spore a lenticular appearance.

The

relative sharpness of the outline at the equator, due to the cingu
lum, is also evident in polished sections of the spore exine made
in the meridional plane.

These exine cross-sections also show the

thick base of the cuneiform cingulum characteristic of Lycospora.
The equatorial margin of the cingulum is sometimes smooth, but
generally rough to finely undulate.

The body is granulate, or

infragranulate, sometimes distinctly so.

Granulation or infra

granulation of the cingulum is also more or less plainly visible.
Trilete rays distinct and fairly straight and, without tapering
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(or tapering only slightly), extend at least as far as the equator
of the body, or often into the cingulum itself.

The trilete rays

may likewise show granulate ornamentation, or be more or less
gnarled."

Discussion: The occurrences of Lycospora in the present study seem
meaningful only in the Council Grove and Chase Groups.

The Dunkard,

Shawnee and Wabaunsee Groups have extremely limited occurrences of
only a few specimens.

Their presence in the latter groups is in

significant but they become of some statistical importance at the
base of the Council Grove.

Lycospora microgranulata Bharadwaj 1957
Plate 12, figs. 6 through 9

Diagnosis (adapted from diagnosis and description in Bharadwaj
1957J Catalog of Possil Spores and Pollen, v. 13, p. 58): Oval
to roundly triangular; trilete rays thin; cingulum narrow, oneeighth to one-tenth of spore radius, margin denticulate; exine
thin, punctate.

Body and cingulum separated by a broad and promi

nent dark brown band (crassitudo). Trilete rays reach the equator
of the cingulum, sutures usually open, labra thin.

Size in microns: 32-^2 (Bharadwaj 1957); 30-36 (Kansas specimens of
present study).

Discussion and occurrence: The single occurrence in the Dunkard
(in shale above the Kineveh coal) is subject to serious question.
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The single specimen may he best assigned elsewhere.

The species

occurs in four of the Kansas samples studied ranging from the
Silver Lake shale upward through the Havensville shale.
Lycospora sp. A
Plate 12, fig. 10
Description: Amb round; rays distinct and open, extend to body
margin.

Cingulum 3 to h microns wide and very thin.

Entire

surface granulate.
Size in microns: 28-3^-.
Occurrence: A single specimen was recovered from the Waynesburg
"B" coal.

Additional specimens, designated L. sp. A (?) were

recorded from the Hughes Creek shale and Eiss limestone member.
Lycospora sp. B
Plate 12, fig. 11
Description: Amb triangular; cingulum about 6 microns wide and
densely granulate; rays distinct, extend to edge of body.

Body

laevigate (?).

Size in microns: Ho.
Occurrence: A single specimen was recovered from the Little Washing
ton coal.
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Lycospora sp. C
Plate 12; figs. 12 and 13

Description: Amb nearly round; cingulum 2 to U microns "wide and
thin.

Rays extend to margin of body; lips raised and thickened.

Body surface roughened; possibly due to poor preservation.

Size in microns: Two specimens; maximum dimensions; 58 a^d U5 .

Occurrence: A single specimen was recorded from shale above the
Kineveh coal at its type locality.

The second (and smaller)

specimen is from the Eavensville shale.

It is quite possible that

the two specimens represent different species.

Lycospora (?) sp. D
Plate 12; figs. Ik, 15 and l6

Description: Amb very broadly rounded triangular.
minutely punctate to "roughened".

Trilete rays distinct; bifurcate

at ends and reach essentially to body margin.
U microns wide.

Body exine

Cingulum thin; 3 to

Distal surface has a thickened "ring"; about 6

microns wide.

Size in microns: 32-^2.

Occurrence and discussion: A very distinctive entity that probably
is stratigraphically important.

Recorded from the Hughes Creek

and Salem Point shales and the Eiss limestone member; not present
in the Dunkard.
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Lycospora sp. E
Plate 12, fig. 17

Description: Amb nearly round; laesurae distinct, about 10 microns
long, do not reach body margin.

Prominent crassitudo about 2 to 3

microns wide surrounds body; spine-like extensions of crassitudo
extend into and across cingulum.
laevigate.

Cingulum k to 5 microns wide and

Body ornamented with low verrucae.

It is apparently

extensions of these verrucae that project spine-like into the
flange.

Size in microns: About k2.

Occurrence: Recorded only from the Havensville shale.

Megaspore Genus A
Plate 13, figs. 1 and 2

Description: Amb broadly rounded triangular.

Cingulum up to 28

microns opposite rays and as little as 6 microns in interradial
areas.

Laesurae very fine, hardly noticeable, only about 2

microns wide; lips barely developed, but the rays are accompanied
by distinct folds and/or thickenings parallel to the rays and
extend to the flange.

These folds, in part, conceal the rays which

may be as much as 1^0 microns long.

The spore surface is punctate

in addition to being adorned with scattered projections up to about
lU microns high and 8 to 12 microns wide at their bases.

Some of

the projections are distinctly mammillate (Plate 13, fig- 2).
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slightly thickened arcuate ridge, about 20 microns wide, surrounds
the spore.
Size in microns: Body, 400; total maximum dimension, 440.
Occurrence: A single specimen was recovered from the Silver Lake
shale.
Megaspore Genus B
Plate 13, fig. 3
Description: Large monolete (?) spore; possibly a giant Schopfipollenites. Two folds parallel suture position.

Size in microns: Maximum dimension, 70^-•
Occurrence: Silver Lake shale; single specimen.
Megaspore (?) genus C
Plate 13, fig. 4 and Plate 14, figs. 1 and 2
Description: The single specimen is a fragment with no aperture
visible.

The surface is sparsely covered with "tenpin-shaped"

projections and is deeply pitted in the areas between the projec
tions.

The projections are laevigate.

The "tenpins" are mostly

about 85 microns long (up to 1 00 ) and up to 40 microns wide at
their bases.

The "balls" on top of the "tenpins" are 10 to 15

microns in diameter.
Size in microns: Maximum dimension of fragment, 896.
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Occurrence: Silver Lake shale; single specimen.
Genus MICRORETICULATISPORITES (Knox)
Potonie and Kremp 195^- non sensu Bharadwaj
Type species: Microreticulatisporites lacunosus (Ibrahim) Knox
1950.
Diagnosis (from Smith and Butterworth 1967 , p- 189; translation of
Potonie and Kremp 195^ P- 1^3): "Trilete isospores and micro
spores.

Amb triangular to circular.

Exine extra-reticulate with

small lumina not much greater than 6 microns in diameter, mostly
smaller.

Muri sometimes imperfect and branched, with lumina having

a corresponding shape.

Occasionally muri vary in height and are

sometimes inclined to the perpendicular.

Margin finely notched to

undulating."

Discussion: Bharadwaj (1955* P-127) emended Microreticulatisporites
to include only triangular forms, however, he gave no indication of
where to assign some of the circular forms included in the genus by
Potonie and Kremp.

Potonie and Kremp designated a triangular species

as the type species and this is probably unfortunate because, in
general, the circular forms of Knox, for which she proposed the
genus, are more obviously microreticulate.

On the other hand, tri

angular forms such as M. sufeatus (Wilson and Kosanke) Smith and
Butterworth 19&7 are not at all obviously microreticulate.
The writer has chosen to follow the broad diagnosis of Potonie and
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Kremp until a more definitive emendation is forthcoming.

Microreticulatisporites sulcatus (Wilson and Kosanke)
Smith and Butterworth 1967
Plate 12, figs. 18 through 21

Synonyms: Punctati-sporites sulcatus Wilson and Kosanke 19 UU.
Converrucosisporites sulcatus (Wilson and Kosanke)
Potonie and Kremp 1955*

Diagnosis (from Smith and Butterworth 1967 * P* 193): "Anib tri
angular to round.

Laesurae simple, reaching to equator.

Ornament

of a dense, coarse, irregular reticulation enclosing minute areas
(lumina) between them; some of the reticulations may end in pro
nounced verrucate processes."

Size in microns: 30-^0 (Wilson and Kosanke 19^); 36-51 (Smith and
Butterworth 196 7 ); 32-^2 (present study).

Occurrence: Sporadic.

Genus MJSKDISPORITES Potonie and KLaus 195^-

Synonym: Zonotriletes Luber and Valts 19^1 partim.

Synonymy from Hart 1965 , P* 93*

Type species: Huskoisporites dulhuntyi Potonie and KLaus 195^-*

Diagnosis (from Hart 1965 , p. 93-9*0: ''Monosaccate Dipolsacciti
more or less circular in outline.

The central body is circular,
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oval or slightly triangular.

The proximal root is intra-marginally

attached, i.e. the proximal zone is usually less than three-quarters
of the central body radius.

The central body has a distinct tri-

lete aperture which is only rarely absent.

The saccus structure is

infra-reticulate and there is a strong equatorial limbus."

Comparison: Nuskoisporites differs from Cordaitina (Samoilovich)
Hart 1965 by its distinct trilete aperture, strong limbus and intramarginally attached proximal root.

The latter feature may, or may

not, be observable on individual specimens.

Huskoisporites sp. A
Plate 12, fig. 10 and 11

Description: More or less circular in outline; central body round
to triangular; laesurae distinct, rays each about 18 microns long.
Limbus strong, outer ij- to 10 microns of saccus distinctly thickened.

Size in microns: Saccus, 7^-82; body Uh-5^--

Occurrence: Hot recorded from the Dunkard; present in the Council
Grove and Chase Groups.

Genus PITY0SP0RITES (Seward) Manum i9 60

Synonyms: Pinuspollenites Raatz 1937*
Podocarpidites Cookson 19^7*
Protodiploxypinus Samoilovich 1953j partim.
Platysaccus Haumova ex Potonie and KLaus 195^*
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Cuneatisporites Leschik 1956Synonymy from Hart 1965 , p- 55*
Type species: Pityosporites antarcticus Seward 191 ^.

Diagnosis (from Smith and Butterworth 1967 , p- 308; after Manum
i9 60 , p. lh): "Grains with two bladders-

Bladders attached to the

ventral side of the body and distinctly set off from it, greatly
diverging, and narrowing towards their roots; dorsally the roots
reach the equator of the body or slightly beyond it, ventrally
they are separated by a more or less narrow furrow.
reticulate.

Bladders

Body wall smooth, or only finely sculptured, its

thickness moderate and not conspicuously increasing towards the
roots of the bladders."
Discussion: Hart (1965 , p. 55) extended "the latitude of Pityo
sporites to include the strongly diploxynoid forms previously
assigned to Platysaccus” because, according to him, "the latter
genus has neither stratigraphic nor morphologic reasons to be
taxonomically separate".

Pityosporites differs from other

Carboniferous bisaccate genera by having bladders that are dis
tinctly offset from the body and that are entirely separate from
each other.
Pityosporites westphalensis Williams 1955
Plate 12, figs. 2k and 25
Diagnosis (from Smith and Butterworth 1967, p* 309 as compiled
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from Williams 1955> P* ^-6 7 -^6 9 ): "in proximal view body of grain
circular, or slightly elongated in direction of principal axis.
Length of body less than full length of grain owing to lateral
displacement of sacci; breadth almost full breadth of grain.
axes of the sacci diverge distally.

The

Lines of junction of sacci

with body proximally coincide with the equatorial axis of the
grain.

The sacci are quite separate, there being no continuation

of the bladder membrane between them in the central subequatorial
region.

In this region a single long and poorly defined furrow

extends over entire width of body.

Body wall in this region thin.

Proximal caps of grain laevigate to finely granulate; distal side
largely occupied by sacci, whose external surfaces are smooth, or
minutely granulate; internally the sacci are strongly reticulate,
the reticulation ending abruptly at the bases."

Size in microns: Length of grain 39_51j breadth of grain 33-^;
depth of grain 29 ~bk, measured along the proximo-distal axis;
depth of saccus 11-21, measured from distal furrow to the furthest
extent of the sacci projected onto the proximo-distal axis
(Williams 1955)*

Length of grain U2-60 (present study).

Occurrence: Recorded from throughout the stratigraphic interval of
the present study.

Pityosporites sp. A
Plate 12, figs. 26 and 27; Plate 13, fig- 5 and Plate ll, fig.

Description: Body round or elongated in longitudinal axis.

Sacci
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smaller than body, and in some instances the sacci may be distally
connected by a thin bladder membrane.

Body is thin and laevigate

to very finely granulate; sacci internally reticulate.

Greatest

saccus dimension along transverse axis.
Size in microns: Maximum dimension, 68-80; body maximum, ^5-52;
body minimum 36 -U6 ; sacci maximum, 35-^-5 j sacci minimum, 2 5 -3 0 .
Occurrence: Sporadic.
Pityosporites sp. B
Wot illustrated
A single specimen was recovered from the Dunkard coal of
the Littleton section (maceration no. 3^9*0*
in all respects except for its large size.

It resembles P. sp. A
Its maximum dimension

(longitudinal axis) was 130 microns.
Pityosporites sp. C
Plate lL, fig. L

Description: Body essentially round; sacci larger than body.

Maxi

mum dimension of sacci along transverse axis.
Size in microns: Maximum dimension 6U-70; body maximum, 32-38;
sacci maximum,' L2 -LL; sacci minimum (longitudinal axis), 2 ^-3^-.
Occurrence: Recorded from the Larsh-Burroak and Hughes Creek
shales.

Has no apparent stratigraphic significance.
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Pityosporites sp. D
Plate lU, fig. 5
A single specimen was recorded from shale at the base of
the Neva limestone.

The specimen is probably assignable to Platy-

saccus saarensis (Bharadwaj) Jizba 1962 . In the classification used
in the present report (after Hart 19^5> P- 55) this species should
be reassigned to Pityosporites.
Pityosporites sp. E
Plate 15, figs. 1 through 1
Description: Body laevigate; sacci internally reticulate.

Body

nearly round or may be a little larger in longitudinal axis.
Bladders vary considerably in size and shape but are consistently
appreciably larger than the body.
Size in microns: Maximum total dimension, 29-10; body maximum,
about 1 1 -2 0 .
Occurrence: An important entity in the Wymore and Wellington shales;
not recorded elsewhere.
Pityosporites sp. F
Plate 15, fig. 5
Description: Body laevigate, alete.

Body 20 microns and surrounded

by a thickened area on bladders (30 micron wide "ring"), possibly a
tetrad contact area.
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Size in microns: Overall, 7**- x

bladders UU- x 38 (44 along trans

verse axis).

Occurrence: A single specimen was recorded from the Wymore shale.

Genus POTOWIEISPORITES (Bharadwaj) Bharadwaj 1964

Type species: Poto’' isporites novicus Bharadwaj 1954

Diagnosis (translation of Bharadwaj 1964b, p. 46): "Monosaccate
microspores with elliptical, bilateral, oval or circular equatorial
outline.

Central body of circular, subcircular or rhomboidal form

in the polar view; the proximal side usually shows a thin to thick
lipped monolete mark, which is straight, curved or bent in the
middle; the exine of the central body is laevigate, unstructured or
structured, thin or thick.

On the distal side, the zone at the

beginning of the airsack is frequently indicated by two folds which
usually run at right angles to the longer equator axis.

The saccus

is (often) folded, distally intrareticulate and equatorially en
circles the central body; the lateral continuation of the saccus
is usually broad."

Discussion: Bharadwaj (1964b) discusses the morphology, systematics
and stratigraphy of Potonie ispor ites in considerable detail.

He

reports that the form of Potonieisporites extends from circular or
oval to increasingly bilateral.

This variation results from

lateral decrease of the width of the saccus and the probable simul
taneous increase in the extension of the saccus in the longer
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equatorial axis.

He comparer this situation to .□.Unites Kosanke

1950, a dlsaecute pollen grain, which, according to Bharadwaj, may
occasionally be monocaccate, a condition acquired by dim, .Lateral
monocaccate connections.

Farther, he considers it proven that

Sahnltes Pant 1955 is indistinguishable i'rom Potonlelspor Ltes and
thus concludes that Sahnltes Is a synonym of Potonlelspor11es. Hart
(1 9 6 5 ) places Sahnltes, in part, in Vestiglsporites (Lulme and
Hennelly) Hart i9 6 0 , and in part, in Limit J.spor ltes (Leschik)
Potonie 1958.

Bharadwaj (196 *1!) believes that the smaller specimens

of Vestigisporltes Balrne and Hennelly 1.955* those that are almost
disaccate, can easily be assigned to Illlnltes. The remaining speci
mens described by Balrne and Hennelly as "with laterally narrowed
monosaccus" can, according to Eharadwaj, be accommodated in
Potonieisporites. He also considers Hoi'l'mei.sterites Wilson 196 k to
be a synonym of Potonleisporites.

Hart (196 5 , p. 22) assigns

lloffmeisterites to Vestlgisporites.

Hart's views on this matter,

are not accepted by the present writer.
The evidence as presented by Bharadwaj (1 9 6 *11 ) is accepted
for the purposes of the present work, i.e., Potonieisporites, Lahnd
Hoffmelsterites, and Vestigisporites cannot be distinguished from or
another and the latter three are therefore considered synonyms of
the former.

Illinites is distinguishable if one considers the

normal characteristics instead of the exceptions.
Some specimens of Florinites Schopf, Wilson and Bentall
19Uk are easily mistaken for some specimens of Potonieisporites
when the former does not possess visible laesurae, or when the
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latter does not possess a raonolete mark.
Nygreen and Bourn (196 7 ) describe and illustrate numerous
specimens of Potonieisporites, from a single sample (Wood Siding
formation, Wabaunsee Group, Virgilian, Pennsylvanian) collected
from a road cut in Wabaunsee County, Kansas, which show a widerange of morphological variations.

"The germinal feature, of the

material studied, exhibits considerable- variation in form, beginning
as a rectilinear rnonolete mark and ending with a trilete mark"
(Nygreen and Bourn, 1 9 6 7 * p. 326 ).

They state "The transitional

stages of the germinal mark from a rectilinear rnonolete to equidimensional trilete probably represents a change in the symmetry of
the microspore tetrad from bilateral to tetrahedral.

This would

also account for the change in the overall shape from oval to
circular".
They continue, "The characteristic transverse, twin, bi
convex fold pattern also changes through a continuum.

Some specimens

have only one fold, either transverse or at an angle, and other
specimens have no inner folds.

The fold arrangement is dependent

upon the shape of the central body (Bharadwaj, 196^1 b, p. 48) and
the position of any distal attachment of the saccus".
In the emendation of Pot oni ei spor ite s, Eharadwaj (1964b)
reported specimens from a Kansas sample which "have either a limbate,
semi-limbate or semi-nonlimbate, or nonlimbate edge of the saccus”.
Nygreen and Bourn (1 9 6 7 ) report that both circular and elliptical
forms from their assemblage exhibit varying degrees of limboid
development.
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Nygreen and Bourn demonstrate: (l) a sequence of speci
mens whose "...identifying characteristics alter from a combination
assignable to the genus Potonie ispor ite s to a combination assignable
to the genus Guthorlisporites Bharadwaj, 195^"; (2) "Changes of the
germinal mark, inner folds and overall spore shape, through a series
of specimens, from one assignable to Potonieisporites to one that
might morphologically be classified as a specimen of Candidispora
Venkatachala, 1 9 6 3 ..."; (3) "...a series of circular specimens,
beginning with a form having the three basic features of Potoniei
sporites and terminating with a form assignable to Nuskolsporltes
Potonie et KLaus, 195^"*
Nygreen and Bourn conclude (p. 330) that the four genera
discussed above are distinct "only when considered as end-members.
There exists a core complex of forms not assignable on a combination
of morphological characters to any of the end-member genera.

It is

indeed a difficult task to meaningfully speciate such a complex".
It does not seem wise to continue use of genera demon
strated to be end-members of a morphological complex.

It seems

preferable to assign all the generic forms discussed above to
Potonieisporites, and to retain any distinct, and therefore stratigraphically important, forms as species.

Potonieisporites elegans (Wilson and Kosanke) Habib 1966
Plate 15, figs. 6 and 7

Synonyms: Florinites elegans Wilson and Kosanke 1 9 W-.
Potonieisporites elegans (Wilson and Kosanke)
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Wilson and Venkatachala 1 9 6 U.

Diagnosis (from Habib 1 9 6 6 , p. 6 U8 ): "Monosaccate pollen grains;
roundly elliptical in overall outline.

Central body distinct,

elliptical to circular in outline, characterized by prominent
crescentic or lenticular folds which commonly transect each other,
though on opposite sides of the central body, at angles approaching
ninety degrees; the transverse folds, always two, appear confined to
the distal hemisphere at or near the juncture of central body and
saccus; the longitudinal folds, also two, are present on the proxi
mal (free) hemisphere of the central body and trend along the
maximum dimension of the body; ornamentation minutely punctate to
granulose.

Saccus externally laevigate and internally moderately

infra-reticulate, attached to central body only on its distal side.
Tetrad mark prominent on proximal (free) side of saccus; it is
essentially straight longitudinal, but occasionally T-shaped with
a much reduced third suture, or even symmetrically (Y-shape) tri
lete. "

Size in microns: Overall, 135-215; central body, 8 5 -110 (Habib
1 9 6 6 ).

Occurrence: Recorded from the Jollytown, Hostetter and Uineveh coals.

Potonieisporites novicus Bharadwaj 195^
Plate 15, figs. 8 , 9 aEh 10

Diagnosis (translated and adapted from diagnosis and description
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in Bharadwaj

p. 520-521): Central body relatively large,

about two-thirds of the total size of the spore.
third of the spore length.
compressed.

Fissure one-

Spore outline oval, usually equatorially

Central body elliptical or oval; body wall thin and

transparent; in the compressed condition shows two concentric zones
of secondary folding.
labra.

Fissure with distinct, more or less elevated,

Saccus infrareticulate.

Size in microns: 90-1^0 x 8 5 -110 (Bharadwaj 195^+a-).

Occurrence: Sporadic; see spore distribution charts.

Potonieisporites simplex Wilson 1962
Plate 15, fig. 11; Plate 16 , figs. 1 and 2

Diagnosis (adapted from Wilson 1 9 6 2 , p. 1^-15): Pollen round to
oval; rnonolete; monosaccate, oblately flattened, subcircular to
oval in equatorial view; central body subcircular to oval, wall
2-3 microns thick, translucent; saccus attached at equator of
central body, contact edge entire.

Saccus wall 1.5-2 microns

thick, translucent; ornamentation of saccus and central body finely
reticulate under oil immersion and phase optics.

Suture simple.

Size in microns: 85-125, total diameter; 55-72, central body;
2 0 -3 2 , width of saccus; 2 8 -6 k, length of suture, varies with

maturity (Wilson 1 9 6 2 ).

Discussion: Wilson (1 9 6 2 , p. 15) reports that P. simplex "appears to
be normally smaller" than P. novicus Bharadwaj 195^*

The size
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ranges seem to overlap considerably but P. novicus has a larger
upper limit.

This feature is considered to be of doubtful value

for differentiating the two species.

Of more significance, per

haps, is the smaller relative size of the central body in P.
simplex. Also, the lips of the commissura are not thickened in
P. simplex and the central body is finely reticulate as opposed
to the apparent laevigate condition of the central body of P.
novicus.

Occurrence: Recorded occurrences in the Larsh-Burroak, Calhoun and
Hughes Creek shales are questionable.

The specimens from these

localities could belong to P. novicus. _ The species was not
recorded from the Dunkard strata.

Potonieisporites sp. A
Plate 23, fig. U

Description: Saccus oval.
saccus diameter.
around margin.
nearly round.
tinct.

Body diameter approximately one-half

Body round to oval, finely granulate and folded
Folding of saccus common.

Spore outline oval to

Body thin, not much thicker than saccus, but dis

Suture variable in length and has been observed to be

’’dilete" on one specimen.

Size in microns: Saccus maximum dimension, 98-126; body, 52-60.

Discussion: Potonieisporites sp. A may be, and likely is, a morpho
logical variant of P. novicus Bharadwaj 195^*

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Occurrence: Recorded only from tiie Waynesburg "A" coal.

Potonieisporites sp- B
Plate l6, figs. 3

Description: Equatorial outline oval.

^

Body has two distinct com

pression folds transverse to major axis of spore.
20-25 microns long.

Suture about

Long axis of body may parallel or be perpen

dicular to long axis of spore.

Size in microns: Saccus maximum dimension., 86-102; body maximum, 5 8 .

Discussion: This species is assignable to Hoffmeisterites Wilson
r—

1962.

It is here placed in Potonieisporites for reasons given in

the above discussion of that genus.

Occurrence: Recorded only from the Havensville shale.

Genus PROPRISPORITES (Sieves) Jansonius 1962

Type species: Proprisporites rugosus Sieves 1958.

Diagnosis (from Jansonius 1962, p. 50): "Monosaccate spores;
equatorial outline of central body circular to rounded triangular,
laevigate, wall moderately thin (l micron), more or less distinctly
trilete; sutures relatively long, narrow; c. b. surrounded by thin
to membranous exoexinal saccus, laevigate or with faint infra
ornamentation, characteristically with more or less interconnecting
wrinkles or folds of primary origin and more or less radially
disposed; on proximal side occasionally folds reflecting Y mark;
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proximal face of c. b. may or may not be wholly enveloped by saccus;
distal face may be more or less closely appressed against saccus."

Discussion: Jansonius states (19&2, p. 5 1 ) that "Thomsonisporites
Lesch. (1955) is poorly diagnosed, and its type poorly described
—

", and he believes that some of its species might belong in

Proprisporites as emended by him.

He further reports that Pflugi-

pollenites Poeock 1962 differs from Proprisporites by having a
"relatively wider bladder, less distinct or absent Y mark and in
that its saccus is more free from the distal face of the c. b."
(central body).
Usage of the emended diagnosis in the present report does
not necessarily indicate the present writer's acceptance of that
diagnosis.

The emended diagnosis allows inclusion of spores

radically different from the type species to be included in the
genus and may be in violation of the original author's intent.
Also, the specimens here classified as Proprisporites sp.
A should, perhaps, be assigned elsewhere for the emended diagnosis
restricts the central body ornamentation to laevigate; whereas the
specimens of the current study are laevigate to roughened (individual
elements not discernible), to finely granulate.

Although the grana

are quite small and widely scattered, they are present, and in con
flict with the emended generic diagnosis.
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Proprisporites (?) sp. A
Plate l6 , fig. 8 and Plate 23, figs. 8 and 9

Description: Amb approximately round; may be compressed to somewhat
oval outline.

Body enclosed by an extremely thin, transparent

perisporiate cover.

The membrane is folded, forming an open pseudo-

reticulate mesh over the spore body.
slightly roughened.

The spore body is laevigate to

Individual ornaments usually not discernible

but may include a few scattered, fine grana.

Trilete rays indis

tinguishable to distinct and may have narrow lips developed.

Pays,

when discernible, are about one-half to three-fourths the spore
radius.

Size in microns:

Occurrence: Apparently sporadic.

Recorded from the Washington

"Rider" coal, shale in the middle of the Upper Washington limestone
and several Council Grove horizons in Kansas.

Genus PROTOHAPLOXYPIMJS (Samoilovich) Hart 196b

Synonyms: Rhytisaccus Haumova 1939 partim.
Pemphygaletes Luber and Valts 19^1 partim.
Protosacculina Malyavkina 1953 partim.
Lueckisporites Potonie and KLaus 195^- partim.
Striatopinites Sedova 1958.
Striatopiceites Sedova 1958.
Lunatisporites Leschik 1958.
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Striatites Pant 195&Taeniae spor ite s Leschik 195& partim.
Coniferaletes Andreyeva 1956 partim.
Striatoeordaites ex Abramova and Marchenko i9 6 0 .
Striatoconiferites ex Abramova and Marchenko i9 6 0 .
Striatohaploxypinites ex Abramova and Marchenko i9 6 0 .
Faunipollenite s Bharadwaj 1963*

Synonymy from Hart 196Ub, p. 1177-

Type species: Protohaploxypinus latissimus (Luber and Valts)
Samoilovich 1953-

Diagnosis (from Hart 196Ub, p. 1177): "Disaccate Striatiti, haploxylonoid or slightly diploxylonoid in outline.

The central body is

circular, or oval with a slight t-a or slight 1-a elongation.
proximal cap is divided into four or more longitudinal ribs.

The
The

sacci are semi-circular, less than semi-circular or slightly greater
than semi-circular in shape.

The sacci structure is infrareticulate.

The length of the distal root is equal to or slightly less than the
t-a (C.B.).

The distal zone is less than or equal to two-thirds 1-a

(C.B.)."

Discussion: Pr otohaploxyp inus may, or may not, be present in a given
sample throughout the Virgil and Dunkard strata.

It becomes an

entity of considerable prominence in the Council Grove Group and is
present in large numbers in the Wymore shale, Chase Group.

In the

Dunkard and Virgil, it may be present but is never abundant.
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Gearyan, it is regularly present and may be abundant.

Protohaploxypinus sp. A
Plate 16, fig. 13 and Plate 1J, figs. 1 through 6

Description: Haploxylonoid to slightly diploxylonoid in outline;
central body is about circular.
l6 longitudinal ribs.

The proximal cap possesses 10 to

The sacci are semi-circular or greater than

semi-circular in shape.

Size in microns: Longitudinal axis, Uk-90.

Occurrence: Sporadic occurrence throughout the Dunkard; regularly
present and may be abundant in the Gearyan and younger strata of
the present study.

Protohaploxypinus sewardi (Virkki) Hart 1 96 k

Synonyms: Pityosporites sewardi Virkki 1938Lueckisporites limpidus Balrne and Hennelly 1955*
Taeniae sporite s discurrens Leschik 1959Faunipollenites varius Bharadwaj 1 9 6 3 *

Synonymy from Hart 1 9 6 5 ^ p. 28.

Diagnosis (from Hart 1 9 6 5 , p. 28): "Slightly diploxylonoid in out
line.

The central body is about circular in outline.

The proximal

cap possesses six to eight longitudinal ribs in polar view.

The

sacci are about semi-circular or slightly greater than semi-circular
in shape and slightly less than the central body in size.

The distal
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zone is one-third or less 1-a (C.B.) in dimension."

Size in microns: Longitudinal axis, 55-85; transverse axis, 30-Wt
(Hart 1965).

Discussion: A number of specimens which may be assignable to P.
sewardi have been recorded in the present study.

None have been

so designated because observed variations in numbers of longitudinal
ribs does not permit their assignment to P. sewardi. The diagnosis
is presented to facilitate comparison of the species designations
used here (spp. B and C) with that of P. sewardi.

Protohaploxypinus sp. B
Plate l6 , figs. 9 through 12

Description: Haploxylonoid to slightly diploxylonoid in outline;
central body is about circular.
to nine longitudinal ribs.
folds on the distal surface.

The proximal cap possesses five

There may be one or two transverse
The sacci are about semi-circular

or slightly greater than semi-circular in shape.

Size in microns: Longitudinal axis, 38-70; transverse axis, 27-^2.

Discussion: It is quite possible that more than one species is
represented here.

Specimens with 6 to 8 longitudinal ribs conform

rather well to P. sewardi (Virkki) Hart 1 9 6 ^ but a number of 9 rib,
and a few 5 rib, specimens have been observed which cannot be
assigned to P. sewardi without emendation.
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Occurrence: In the Dunkard, present in shales associated with the
Upper Washington limestone, Hundred coal, Dunkard coal and Nineveh
coal; in Kansas, recorded from the Stull and Larsh-Burroak shales,
Shawnee Group, and then recorded again in the Havensville shale and
younger strata.

Protohaploxypinus sp. C
Not illustrated

Description (single specimen): Body k8 x kk microns (probably
originally round); sacci about kO x 30 microns (kO along transverse
axis).
wide.

Body has 6 broad longitudinal ribs, each about 6 microns
Total dimension of spore, 8 6 x k3 microns.

The specimen may

be assignable to P. sewardi (Virkki) Hart 1 9 6 k.

Occurrence: Florena shale.

Protohaploxypinus sp. D
Not illustrated

A single specimen which appears identical to figure 3 8 ,
plate 123 of Jizba 1962 was recorded from the Wellington shale.

The

total dimensions of the spore are 52 x k8 microns; the body is essen
tially round, and the sacci are quite small relative to the body size.

Genus PUNCTATISPORITES (Ibrahim) Potonie and Kremp 195^

Type species: Punctatisporites punetatus Ibrahim 1933-

Diagnosis (Smith and Butterworth 1 9 ^ 7 P* 12k; translation of Potonie
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and. Kremp 195l> P* 120): "Trilete isospores or microspores having a
circular, or near-circular, equatorial outline with a mere sugges
tion of triangular shape.
ornamentation.

Margin smooth, as exine devoid of

Structure unrecognizable or only discernible owing

to the presence of punetation, infrareticulation, or infragranulation
(which must not be confused with a granulation causing roughness of
the margin).

On occasions, punetation is no more than locally

visible, as, for instance, along the trilete rays.

Rays generally

longer than one-half the radius at the equator."

Comparison: Differs from Calamospora Schopf, Wilson and Bentall 191-1
by having thicker exine, fewer folds, no contact areas developed, and
longer laesurae.

Punctatisporites breviornatus Peppers 1961Plate 17, figs. 7 through 10

Diagnosis (from Peppers 1961, p. 3 2 ): "The spores are radial, tri
lete, circular in outline, and usually folded.
distinct, often open, and without lips.
microns long.

The commissure is

The rays are ll to 26

The proximal and distal surfaces are indistinctly

punctate to granulate under high dry objective.

The puncta and

coni are 1 micron or less in diameter, and the spore coat is 3
1 -5 microns thick."

Size in microns: 15.0-58-7 (Peppers 1 9 6 !-).

Discussion: Some specimens assigned to P. breviornatus in the present
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work exceed the size limits given by Peppers-

Most of the specimens

encountered were in the range of 56 to 60 microns, and one specimen
was 66 microns.

Occurrence: Recorded from the Little Washington, Jollytown and
Dunkard coal horizons; absent in the Kansas samples.

Punctatisporites minutus Kosanke 1950
Plate 17, figs. 11, 12 and 13

Diagnosis (adapted from description in Kosanke 1950, p. 15-l6 ):
Originally spherical in shape with the spore coat variously folded.
The trilete rays are distinct, average nine microns in length (about
two-thirds of radius) and lips are slightly developed.

The exine is

1 -1 .5 microns thick and minutely punctate.

Size in microns: 27-33 (Kosanke 1950); 22-32 (Smith and Butterworth
1967; P* 126); 18-32 (present study).

Discussion: The spores are often compressed obliquely and resemble
P. obllquus Kosanke 1950 except for their normally smaller size.
Smith and Butterworth (1 9 6 7 , p. 126) report "Calamospora minutus
Knox, non sensu Potonie and Kremp is probably nonspecific with P.
minutus. The forms figured as P. cf. nit idus by Butterworth and
Williams 1958 (pi. 1, figs.

, 8 ) are this species".

Occurrence: Very limited occurrence in the Dunkard; recorded only
from the Fish Creek and Nineveh coals.

In the Kansas samples, it is

present in the Wabaunsee Group and was found to be abundant in the
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Hughes Creek and Salem Point shal.ee, Council Grove Croup.

11; is

also prominent in the Havensville shale, Chase Group.

Pune bat ,i.spor lie s obesus (Loose) Potonie and Kremp 1955
Plate 17, fig- 1.)|

Synonyms: Sporonltos obesus Loose in Potonie, Ibrahim and Loose 1932.
Laev 1gal;:Lspor,Ltes obesus Loose 193^? Ca.lamospora obesus (Loose) Schop!', Wilson and BentaJ 1
19)1)1.

Synonymy from Smith and Butterworth 19^7* P* 127-

Diagnosis (from Smith and Butterworth 19^7; p- 127; after description
in Loose 193^ > P* 1^5): "Amb circular to oval.
radius.

Laesurae one-third of

Exine laevigate to punctate, up to 5 microns in thickness."

Size in microns: 100-130 (Potonie and Kremp 1955); 9,|-125 (Smith and
Butterworth 1 9 6 7 )•

Description (from description in Smith and Butterworth 1 9 6 7 * P* 127):
"Amb circular, subcircular, rounded-triangular or oval.

Laesurae

simple, straight, one-half to two-thirds of radius (range 2 5 -3 7
microns); commissure sometimes open; occasionally the exine parallel
to the commissures is darkened giving the appearance of broad lips.
Exine thick, 5-10 microns; compression folds sometimes occur."

Discussion: The description given by Smith and Butterworth better
describes the features of P. obesus than the diagnosis from Loose

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

2h2

and has been followed in the present ctudy.

Occurrence: A single specimen was recorded from the Eacly Creek
shale.

Punctatisporites obllquus Kosanke 1990
Plate 1J, figs. Vj, l6 and Y(

Diagnosis (from description in Kosanke 1990, p. l6 ): Amb oval to
spherical, frequently obliquely compressed.

Laesurae distinct

with lips and are not triangularly (equally) spaced.

Exine very

minutely punctate, punctations closely spaced which tends to give
the spore a minutely papillate appearance.

Some folding occurs,

often somewhat parallel to the margin.

Size in microns: yi.-h6 (Kosanke 1990); 27-90 (present study).

Discussion: As noted by Kosanke, one laesura is sometimes indistinct
(reduced in length and prominence).

Occurrence: May, or may not, be present throughout most of the
stratigraphic interval of the present study (see spore distribution
charts).

Punctatlsporites parvlpunctatus Kosanke 19^3
Plate 17, figs. IS and 19

Diagnosis (from Kosanke 19^3, P* 127): Amb nearly round.
finely punctate; laesurae at least 9 to 10 microns.
distinct.

Exine

Lips usually

Exine about 2-3 microns thick.
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Size in microns: 32 to 38 (Kosanke 19^3)j 26-2+2 (present study).
Occurrence: Commonly present; see spore distribution charts.
Punctatisporites sp. A
Hot illustrated
Description: Amb essentially round.

Exine very finely punctate,

border appears essentially smooth.

Trilete rays up to 18 microns

in length and are very fine.
Size in microns: About j6.
Occurrence: Recorded only from the Waynesburg A coal.
Punctatlsporltes sp. B
Plate 18, fig. 1
Description: Amb essentially round.
length; lips thin but prominent.

Laesurae 10 to 12 microns in

Exine very finely punctate.

Has

some folding around margin.
Size in microns: Maximum 2+8.
Occurrence: Recorded only from the Wellington shale.
Punctatisporites (?) sp. C
Plate 18, fig. 2
Description: Exine thick (about 5 microns).
microns, reach nearly to margin of spore.

Rays long; up to 30
Prominent folds are
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formed along the rays.

Size in microns: 60 x 5^-

Discussion: The single specimen observed is somewhat broadly rounded
triangular.

This may or may not be the result of compression folds.

If not, the specimen should be assigned elsewhere.

Occurrence: Wellington shale.

Genus PUWCTATOSPORITES Ibrahim 1933

Type species: Punctatosporites minutus Ibrahim 1933*

Diagnosis (from Smith and Butterworth 1 9 6 7 ^ p- 2 8 7 ; translation of
Potonie and Kremp 195^.? P* 1&5): "Monolete isospores or microspores.
Amb roughly oval; in equatorial longitudinal view shape oval to
phaseolate.

Monolete laesura generally straight, without, or barely

rising to, an apex.

Outline rough due to more or less fine granula

tion of the entire exine."

Comparison: Distinguished from Laevigatosporites Ibrahim 1933 by its
ornament of fine grana.

Speciososporites Potonie and Kremp 195^

differs by possessing an equatorial cingulum.

Discussion: The generic name is not descriptive of the type of orna
mentation which characterizes the genus.

Smith and Butterworth state

(1 9 6 7 * P* 2 8 7 ) "lo doubt this led Dybova and Jachowicz (1957) to
adopt the name Granulatosporites (already used by Imgrund (1952) in
his thesis) for monolete spores with an ornamentation of grana.
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Potonie (i9 6 0 ), however, rejects this name on the grounds that the
species designated as the nomenclatural type of the new genus was
already the type of Punctatosporites."

Punctatosporites minutus Ibrahim 1933
Plate l8 , figs. 3 through 6

Synonyms: Punctato-sporites minutus Ibrahim 1933*
Azonomonoletes minutus (Loose) Luber in Luber and
Waltz 1938.
Granulatosporites minutus (Ibrahim) Dybova and Jachowicz
1957-

Synonymy from Smith and Butterworth 19^7^ p- 288.

Diagnosis (from Smith and Butterworth 19^7^ p* 288; after Potonie
and Kremp 195&, P* 1^3): "Amb oval; shape in longitudinal equatorial
view phaseolate.

Laesura about two-thirds of longest dimension.

Outline granulate."

Size in microns: 21-28 (Potonie and Kremp 195^); 21-lj-O, 18-27 and
21-30 (Smith and Butterworth 1 9 6 7 )*

Discussion: Spores placed in this species in the present study are
generally very thin and covered with minute grana which are barely
visible at the margin of the spore.

Also the laesura is often less

than two-thirds the length of the spore and indistinct.

Occurrence: Recorded from throughout the stratigraphic interval of
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the present study; see spore distribution charts.
Genus RAISTRICKLA. (Schopf, Wilson and Bentall) Potonie and Kremp 195^
Type species: Raistrickia grovensis Schopf in Schopf, Wilson and
Bentall l^bk.
Diagnosis (from Smith and Butterworth 19&7; P- 179; translation of
Potonie and Kremp 1955; P- 85): "Trilete isospores and ? microspores.
Exine largely covered with bacula, that is, roughly cylindrical
ornamentation.

In some cases fairly distinct cone-shaped elements

appear interspersed with bacula.

The individual bacula are thinner,

or barely thicker, at the base than over their entire length; alter
natively, they show marked broadening at the root only.

At their

top ends the bacula are generally unpointed, only slightly pointed,
or rounded; they are in fact often abruptly truncated.

This trun

cation is apparently partly a secondary phenomenon, as seems to be
borne out by the irregular fracture, sometimes by the raggedness at
the ends, and frequently by a distinct variation in bacula length.
The bacula vary appreciably in thickness, by as much as a factor of
two.

Frequently the bacula tend to split at their ends into two or

more papillae."
Discussion: The above diagnosis places no restrictions on shape.
Keoraistrickia Potonie 1956 was created for rounded-triangular,
baculate, trilete spores, however, Smith and Butterworth (1967 ,
p. l8 0 ) state "the genus is narrowly circumscribed and the diag
nosis excludes forms with closely spaced and variable ornament of
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coni and taenia.

The rounded triangular forms with this type of

ornament are therefore retained in Raistriekia."

Occurrence: In the present study Raistriekia is regularly present,
in fair numbers, up to and including the Nineveh horizon in the
Dunkard.

It has not been recorded above the Nineveh.

In the Kansas

samples, the occurrence of Raistriekia is sporadic and was recorded
in only five of the samples (see spore distribution chart).

Raistriekia aculeata Kosanke 1950
Plate 18, fig. 7

Diagnosis (from description in Kosanke 1950, p. ^+6 ): Originally
spherical and with numerous, closely spaced, long, slightly tapering
blunt spines.
spines.

The trilete rays are inconspicuous owing to numerous

The rays range in length from 19 to 23 microns (about two-

thirds radius).

The lips and commissure are poorly developed.

spore coat varies in thickness from 2 to 2-5 microns.

The

The spines

vary in length from 7*3 to 10.5 microns and in width from 2 to 2.7
microns.

Minor folding of the spore coat is a common feature.

Size in microns: 62-7^ (Kosanke 1950); ^0-60 (Smith and Butterworth
1 9 6 7 ).

Discussion: R. aculeata is characterized by numerous long, narrow,
tapering, blunt spines.

R. aculeolata Wilson and Kosanke

possesses broader processes which are more variable in form and
R. crinata Kosanke 1950 has broader processes and is roundly
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triangular in outline.

Occurrence: Hot recorded from the Kansas samples of the present
study; present in the Little Washington and Dunkard coals.

Raistriekia diversa Habib 1968
Plate 18, figs. 8 through 11

Diagnosis (from description in Habib 1 9 6 8 , p. 202): "Radially
symmetrical trilete spores with closely spaced segmented projec
tions.

Outline in polar view oblate-triangular to subcircular.

Exine approximately 1.5-2.0 microns thick.

Ornamentation consists

of closely spaced segmented projections (from 35 to b'J protruding
at the outline)., which terminate distally as rounded spines or
rounded bacula.

The segments number from 3 to 8 for each projec

tion (median 6 ), and may be distinct or barely discernible.

The

projections are commonly recurved at their distal ends, although
they may project out in a straight fashion.

They may be restricted

or broaden widely at the base, and they range from 10 to 15 microns
in height.

Trilete mark distinct, extending over two-thirds of the

distance to the margin."

Size in microns: 6 5 -8 8 (Habib, 1 9 6 8 ); 55-95 (present study).

Discussion: R. diversa, with its segmented projections is readily
distinguished from other described species of Raistriekia.

The

numerous specimens assigned to R. diversa in the present study have
a distinctly punctate exine.

These punctations are particularly
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pronounced on the proximal surface.

Habib makes no mention of this

feature in his diagnosis and it is possible the specimens of the
present study should be described as new.

Occurrence: In the Dunkard strata the species is often present in
samples up to and including shales above the Nineveh coal; recorded
only from the Eiss limestone member of the Kansas samples.

Raistriekia saetosa (Loose) Schopf., Wilson and Bentall ±$kk
Plate 18, figs. 12, 13 and lA

Synonyms: Sporonites saetosus Loose in Potonie, Ibrahim and
Loose 1932.
Setosi-sporites saetosus (Loose) Ibrahim 1933Raistriekia saetosus (Loose) Schopf, Wilson and Bentall 1 9 UU.

Synonymy from Smith and Butterworth I9 6 7 .J p. l8l.

Diagnosis (from diagnosis and description in Smith and Butterworth
1967> P* l8l): Amb oval to round; laesurae simple, greater than onehalf radius (two-thirds radius, Potonie and Kremp, 1955* P* 87)*
Bacula up to lU microns in length, varying in size depending on
size of spore.

Ends of bacula partly cleaved; maximum width of

bacula seldom exceeds 5 microns.

Surface of exine and bacula

laevigate.

Size in microns: 60-90 (Potonie and Kremp 1955); bl -62 (Smith and
Butterworth 1 9 6 7 )-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

250

Discussion: Smith and Butterworth (p. 1 8 2 ) believe R. crocea Kosanke
1950 to be "probably a synonym of R. saetosa. This view is not
shared by the present writer.

R. crocea has scattered ribbon-like

projections and is apparently a distinct species.

Occurrence: Often present in the Dunkard strata up to and including
the shales above the Nineveh coal; recorded only from the Stull and
Blue Rapid shales of the Kansas samples.

Raistriekia superba (Ibrahim) Schopf, Wilson and Bentall 1944
Plate 1 8 , fig. 15

Synonyms: Setosi-sporites superbus Ibrahim 1933Raistriekia superbus (Ibrahim) Schopf, Wilson and Bentall
1944.

Synonymy from Smith and Butterworth 1967; P» 182.

Diagnosis (translated and adapted from diagnosis and description in
Potonie and Kremp 1955; P* 8 8 ): Laesurae reach more or less to the
equator., sometimes not discernible.

Bacula 4-8 microns long, in

part fairly thick, 2 - 5 microns in diameter, many of them cone-shaped.
Equatorial outline more or less circular.

Bacula may be loosely set,

truncated at top and of unequal length.

Size in microns: 40-60 (Potonie and Kremp 1955)*

Occurrence: Recorded from the Calhoun and Havensville shales of
Kansas; often present in samples up to and including shales above
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the Nineveh coal in the Dunkard strata.

Genus SCHOPFIPOLLENITES Potonie and Kremp 1951

Type species: Schopfipollenites ellipsoides (Ibrahim) Potonie
and Kremp 1955•

Diagnosis (from Smith and Butterworth 19^7^ P- 309; translation
of Potonie and Kremp 19 5

P- 180): "Relatively large microspores

(pollen grains), over 100 microns, with more or less oval equa
torial and meridional outline.

Running parallel to the long axis

is a weak fold (furrow) whose ends may expand delta-wise as the
equator is approached.

On the opposite side and immediately over

the furrow is a longitudinal and more or less well-defined umbo
(a convexity).

This also runs parallel to the long axis and is

bordered on either side by a fold having a wide overlap."

Discussion: According to Smith and Butterworth (1 9 6 7 , p- 309) the
name Monoletes was proposed by Ibrahim in 1933 and adopted by
Schopf in 1938 as a generic name for spores that fit the above
diagnosis.

They state, however, that the genus was not satis

factorily validated.

Schopfipollenites ellipsoides (Ibrahim) Potonie and Kremp 195^Not illustrated

Synonyms: Sporonites ellipsoides Ibrahim in Potonie, Ibrahim
and Loose 1932.
Laevigato-sporites ellipsoides Ibrahim 1933*
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Punctato-sporites ellipsoides (Ibrahim) Loose 193^Sporites ellipsoides (Ibrahim) Wicher 193^Monoletes ellipsoides (Ibrahim) Schopf 1938.

Synonymy from Smith and Butterworth 1967, P* 310.
Diagnosis (from Smith and Butterworth 1967 ^ P- 310; translation of
Potonie and Kremp 1956, P- 18^): "Outline elliptical.

On one sur

face the umbo extends lengthwise and on each side is bordered by a
sharply creased pleat with a substantial overlap.
taper to a point and almost reach the margin-

These pleats

On the opposite

surface there is only a very small fold, also running lengthwise,
which appears as a furrow.
surface is

The margin is more or less smooth.

The

stippled ('paillettiert')."

Size in microns: 200-500 (Potonie and Kremp 1956 ).
Occurrence: Sporadic.
Schopfipollenites varius Clendening 19^7
Plate 19, figs. 1 and 2
Diagnosis (from Clendening 1967 , P* 170):
to punctate.

oval.

Exine laevigate

Separation of exine layers 10-25 microns in long

dimension, 3 -13 microns in short dimension (perpendicular to suture).
Suture shows angular deflexion and is 70-92 percent of "body"
length.
Size in microns: Maximum dimension, 150-203; minimum dimension,
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8 7 -II8 (Clendening., lS>6j); maximum 95-210 (present study).

Discussion: Schopfipollenites varius is an uncommon fossil in the
The species differs from S. signatus Wilson 1962

Dunkard strata.

in the variable characteristics of the exine and in the constant
character of the "equatorial border" being greater at the ends than
on the sides.

Wilson (1 9 6 2 ) reported the opposite situation for S'.

signatus. Further, the suture of S. varius occupies a greater per
centage of the spore body length than does the suture of S. signatus.
Folding is uncommon for S. varius although a few folded specimens
were observed.

Occurrence: Present throughout the Dunkard strata; not recorded
from the Kansas samples.

Schopfipollenites sp. A
Wot illustrated

A single specimen was recovered from the Waynesburg B
coal.

The exine is laevigate to granulate.

layers is vague.

Separation of exine

Indistinct "body" about 60 x 5^ microns; over

all dimensions 9Q x 68 microns; suture b6 microns.

Genus STBLATOABIETITES (Sedova) Hart 1 9 6 !+

Synonyms: Pemphygaletes Luber and Valts 19^-1; partim.
Protodiploxypinus Samoilovich 1953; partim.
Lueckisporites Potonie and KLaus 195^; partim.
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Synonymy from Hart 196Vb, p. 1185Type species: Striatoabietites bricki Sedova 1956.
Diagnosis (from Hart 196*f-b, p- II8 5 ): "Disaccate Striatiti,
diploxylonoid in outline.

The central body is circular or elongated

longitudinally and has a proximal cap showing six or more longi
tudinal ribs in polar view.

The length of the distal root is equal

to or a little less than t-a

(c.B. )

in dimension.

The sacci are

smaller than the central body in size and the t-a (Sacci) is more
or less equal to the t-a
circular.
half 1-a

(C.B. ).

The sacci shape is usually semi

The distal zone is wide — usually more than or about
(C.B.)

in dimension."

Discussion: Striatoabietites differs from Striatopodoearpites
(Sedova) Hart 196 ^ by its smaller sacci relative to the central
body size, by having a wider distal zone and generally a less
diploxylonoid outline.

Protohaploxypinus (Sedova) Hart 196Vb

differs in its haploxylonoid outline and by having a narrower
distal zone.
Hart reports (l96Vb, p. II8 5 ) that "Zoricheva and Sedova
(195*0 used the name without description or type designation.

The

name was validated in a later publication by Sedova (1956) but
Potonie (1958) unaware of this declared the genus "nomen nudum"
(p- 5*0."
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Striatoabietites sp. A
Plate 19, figs. 3 and 4

Description: The central body has approximately equal dimensions
in the longitudinal and transverse directions although the body
appears to be elongated due to the longitudinal ribs and position
of the sacci.
each about

The proximal cap shows 12 to 16 longitudinal ribs,
to 2 microns wide.

The sacci are smaller than the

body.

Size in microns: Total length, 62-6 6 ; total width, about 32 microns
sacci in longitudinal axis, 1 8 -2 7 ; sacci in transverse axis, 14-27;
body, about 30-34 along either axis.

Occurrence: Recorded only from the Wellington shale.

Genus STRIAT0P0D0CARPITES (Sedova) Hart 1964

Synonyms: Rhytisaecus Naumova 1939 partim.
Lueckisporites Potonie and KLaus 1954 partim.
Striatites Pant 1955 partim.
Taeniaesporites Leschik 195& partim.
Strotersporites Wilson 1963Rhizomaspora Wilson 1 9 6 3 .
Verticipollenites Bharadwaj 1 9 6 3 *
Lahirites Bharadwaj 1 9 6 3 .
Eindipollenites Bharadwaj 1 9 6 3 .

Synonymy from Hart 1964b, p. Il8 l.
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Type species: Striatopodocarpites tojmensis Sedova 1956.
Diagnosis (from Hart 196Vb, p. Il8l-ll82): "Disaccate Striatiti,
strongly to moderately diploxylonoid in outline.

The length of

the distal roots of the sacci are less than the diameter of the
central body in transverse direction.

The central body is circular

to slightly oval in outline and possesses a proximal cap divided
into more than four longitudinal ribs.

The sacci are distinctly

larger than the central body in size and greater than semi-circular
in shape.

The terminal sacci may in rare cases be united to form

slight lateral bladders."
Discussion: Hart (p. 1182) explains the status of the genus as
follows: "Zoritcheva and Sedova (195U) used the name Striatopodo
carpites without description or type designation.

The name was

validated in a later publication by Sedova (1956 ) but Potonie
(1958 ) apparently unaware of this gave a diagnosis of the genus
based on the figured specimens of Zoritcheva and Sedova (195*0
selected S. (al. Taeniaesporites) antiquus (Leschik 1956) Potonie
1958 as the type-species.

However, S. tojmensis Sedova 1956 was

designated type-species by Sedova 1956 and must be reinstated as
such.

Hart (1962 ) has given a translation of Sedova (1956 ) and

commented on Potonie's work."
Striatopodocarpites differs from Protohaploxypinus
(Samoilovich) Hart ip6h by its strongly diploxylonoid outline,
greater than semi-circular sacci and relatively small body.
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Striatopodocarpites sp. A
Plate 19, figs. 5 and 6

Description: The sacci are distinctly larger than the central body
and greater than semi-circular in shape.

The body possesses 8 to

12 (?) longitudinal ribs and is distinctly thicker than the sacci.
The central body is oval in outline with its longest axis perpen
dicular to the longitudinal axis of the spore.

The sacci are

distinctly, though not exaggerated, reniform in shape and are
intrareticulate.

The body is laevigate and may possess a few small

folds or "wrinkles".

Size in microns: Total maximum dimension, 62-89; body in transverse
axis, 3 6 -5 8 ; body in longitudinal axis, 2 9 -^; sacci in

transverse

axis, L0 -6 0 ; sacci in longitudinal axis, 3 0 -^2 .

Occurrence: The species has been observed only from the Waynesburg
A and Little Washington coals.

Striatopodocarpites sp. B
Plate 19, fig. 7

A single specimen was recovered from the Calhoun shale.
The specimen possesses lU major longitudinal ribs and two prominent
transverse folds on the body.

The body is 66 x 7^ microns (longest

dimension in the transverse axis).

The maximum overall dimension

is 112 x 82 microns.
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Striatopodocarpites sp. C
Plate 19, fig- 8
Description: The sacci are larger than the central body and greater
than semi-circular in shape.

The body possesses about 12 longi

tudinal ribs, each about 2 microns wide.

Body is about circular

but may be slightly elongated in either the transverse or longi
tudinal directions.

The narrow ribs may, in part, be indistinct

due to folding of the body.
Size in microns: Maximum dimension 70-72; sacci in transverse axis,
b6 ; sacci in longitudinal axis, 30 -36 ; body in transverse axis,

3^-^2; body in longitudinal axis, 3 8 -kO.
Discussion: Differs from S. sp. A by having a much thinner body and
in width of the longitudinal ribs.
Occurrence: Recorded from the Wymore and Havensville shales.
Striatopodocarpites sp. D
Plate 20, fig. 1
A single specimen was recovered from the Wellington shale.
The specimen has about 12 ribs (some indistinct).

The total dimen

sions of the spore are 80 x 5 ^- microns; body 58 x b-6 microns;
bladders 5^ x 38 microns.

The body is appreciably elongated in

the longitudinal axis which distinguishes it from S. sp. A of this
report.
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Genus STRIOMONOSACCITES (Bharadwaj) Hart 1965
Synonym: Distriomonosaccites Bharadwaj 1962 .
Synonymy from Hart 1965 , p- 95Type species: Striomonosaccites ovatus Bharadwaj 196 2 .
Diagnosis (from Hart 1965 * P* 95): "Monosaccate Dipolsacciti oval
or circular in outline.

The central body is oval to circular and

has a number of ribs and striae on the proximal, or proximal and
distal poles.

These striations may or may not be parallel."

Discussion: Striomonosaccites is separated from other monosaccate
genera by possessing ribs and striae on the central body.
Striomonosaccites sp. A
Plate 19, figs. 9, 10 and 11
Description: Monosaccate, striate grains, oval to circular in out
line.

The central body is oval to circular with 3 to 8 broad,

longitudinal ribs up to about 8 microns wide.

Striations between

the ribs are in part branching and therefore not necessarily
parallel.

When the central body is oval, it is elongated in the

transverse axis.
Size in microns: Longitudinal axis, U2-62; transverse axis, 38-52.
Body in transverse axis, 38-^'0; longitudinal axis 27-38.
Occurrence: In the Dunkard strata, the genus and species was
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recorded only from the Hundred and Dunkard coal horizons.

In the

Kansas section it was found to be present in the Larsh-Burroak
and Calhoun shales, the Nodaway coal and the Pierson Point shale.

Genus TAENIAESPORITES (Leschik) Jansonius 1962

Synonyms: Lueckisporites Potonie and Klaus 195^- partim.
Striatites Pant 1955 partim.

Synonymy from Hart 1965 > P*

Type species: Taeniaesporites kraeuseli Leschik 195&*

Diagnosis (from Hart 19^5; P* ^ 0 : "Disaccate Striatiti, diploxy
lonoid to haploxylonoid in outline.

The central body may be circular

or elongated in either the transverse or longitudinal direction.

The

proximal cap shows three to five longitudinal ribs in polar view.
The length of the distal root is equal to or a little less than the
t-a (C.B.).

The distal zone is greater or equal to one-third 1-a

(C.B.) in dimension."

Comparison: Taeniaesporites is differentiated from other striate,
bisaccate genera by its number of ribs in polar view.

The shape

of the sacci and the relative sizes of the central body and sacci
are not used as diagnostic criteria for this genus.

Taeniaesporites sp. A
Plate 20, fig. 2

A single specimen has been recorded in the present study
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from the Wellington shale.
microns wide.

The body has U broad ribs, each ^ to 8

The length of the total spore is 80 microns, the

body is UO x 3 ^ microns and the sacci are

x 3 ^ microns.

Genus THYMOSPORA Wilson and Venkatachala 1963 a

Synonym: Verrucososporites (Knox) Potonie and Kremp 195^-

Type species: Thymospora thiessenii (Kosanke) Wilson and
Venkatachala 196 3 a.

Diagnosis (from Wilson and Venkatachala 196 3 a, p. 76 ): "Monolete
microspores; oval to bean-shaped; suture simple, ranging to threefourths of long diameter of spore, in many cases obscured by
ornamentation; wall approximately one to two microns thick in
optical section, ornamentation verrucose to warty; verrucae often
overlapping to form obvermieulate, rugose pattern."

Discussion: Wilson and Venkatachala (196 3 a, p. 7 8 ) report "Sporonites perverrucosus Loose 1932 (= Verrucosa-sporites (Loose) Loose
193^) perhaps belongs to Thymospora. The description and illus
tration of Loose (1932) are not adequate for taxonomic
consideration."

Thymospora pseudothiessenii (Kosanke) Wilson and Venkatachala 196 3 c
Plate 20, figs. 3 through 7

Synonyms: Laevigato-sporites pseudothiessenii Kosanke 1950*
Verrucososporites pseudothiessenii (Kosanke) Potonie
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and Kremp 1956.
Verrucososporites verrucosus Alpern 1958.

Torispora verrucosus Alpern 1958.
Verrucososporites perverrucosus Alpern 1959*
Torispora perverrucosus Alpern 1959*
Thymospora verrucosa (Alpern) Wilson and Venkatachala

1963a.
Thymospora parverrucosa (Alpern) Wilson and Venkatachala
1963a.
Verrucososporites parverrucosus Alpern 1959 as spelled by
Wilson and Venkatachala 1963 a.
Thymospora perverrucosa (Alpern) Wilson and Venkatachala
1963 c spelling, wrongly attributed to Wilson and

Venkatachala 1963 a.

Synonymy compiled from Wilson and Venkatachala (1963 a, p. j8 and
1963 c, p. 1 2 5 ).

Diagnosis (from description in Kosanke 1950.? P* 30): Elongate to
oval in the plane of longitudinal symmetry, round or oval in
transverse plane.
the spore coat.

Outline (margin) broken by the sculpturing of
Ornamentation various.

In general the exine is

verrucose to obvermiculate and sometimes appears reticulate.
Leasura over half the length of the spore.

Thickness of exine

varies, due to ornamentation, from 1 .5 to 3 *5 microns.

Size in microns: 26-U6 in longest dimension (Kosanke 1950); 25-50
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(Wilson and Venkatachala 1 96 3 c).

Discussion: Distinguished from T. thiessenii (Kosanke) Wilson and
Venkatachala 1963 a by larger size and slight differences in orna
mentation.

T. pseudothiessenii is generally larger and possesses

a coarser form of ornamentation than does T. obscura (Kosanke)
Wilson and Venkatachala 1963 a.

Also, T. obscura is punctate.

Wilson and Venkatachala (19 6 3 c) discuss four morphologic
types belonging to T. pseudothiessenii. These are (l) types with
verrucae regularly distributed over the entire surface area; (2 )
types with verrucae irregularly distributed, being crowded on one
side of many specimens, and having interspersed grana; (3 ) types
with verrucae crowded around the equator, in many cases forming a
thick crassitudinous rim around the equator; and (k ) those with
verrucae forming a crescentic or broadly rectangular thickening
on one side of the spore.

Of the specimens studied by Wilson and

Venkatachala, fifty-two percent of the spores belonged to type 1,
twenty-eight percent to type 2 , six percent to type 3> and fourteen
percent to type It.
They state (p. 130) that their "type 3 corresponds to
■Pericutosporites potoniei Imgrund, 1952".

This species, is then,

probably, also synonymous with T. pseudothiessenii. They continue
(p. 130) by reporting that "Thymospora and Torispora occur in rocks
of Westphalian-Stephanian age in Europe and America, whereas
Pericutosporites is reported only from a deposit assigned to the
Lower Permian of the Kaiping Basin, China (imgrund, i9 6 0 ).

The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

spore association, however, is more characteristic of the upper
most Pennsylvanian".
Wilson and Venkatachala (1963 c, p. 131) consider it prob
able that the thickened side of Torispora Balme 1952 represents the
part of the exine that was exposed on the periphery of the
sporangium and "thickened in a manner similar to cuticularization".

Occurrence: A single specimen was recovered from the Kansas samples
studied (from the Havensville shale).

The occurrence is sporadic

in the Dunkard except in the uppermost strata where its presence is
statistically important (see spore distribution charts).

Thymospora thiessenii (Kosanke) Wilson and Venkatachala 1 9 6 3 a
Plate 20, figs. 8, 9 a^d 10

Synonyms: Laevigato-sporites thiessenii Kosanke 19^3*
Verrucososporites thiessenii (Kosanke) Bharadwaj 1957*

Synonymy from Wilson and Venkatachala 1 9 6 3 a, p. j 6 .

Diagnosis (from Kosanke 19^3j P* 125): Shape elongate oval in the
plane of longitudinal symmetry, round or oval in transverse plane.
Ornamentation verrucose, forming intermittent ridges and valleys.
Laesura simple, generally without lips, often extends more than
half the length of the spore.
ornamentation.

Suture often inconspicuous due to

Exine 1-2 microns thick.

Size in microns: ll-25 (Kosanke 191-3)•
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Occurrence: Sporadic in the Washington formation, gains considerable
statistical importance in the Greene formation.

Kansas occurrences

sporadic, sometimes of statistical importance (see spore distribution
charts).
Thymospora sp. A
Plate 20, fig. 11 and Plate 23, figs. 6 and 7
Description: Ornamentation consists of very fine elongated elements
(rugulate to verrucate), occasionally with a few non-elongated
elements (grana) included, all of which are normally one micron or
less in height.

The rugulae are up to about 3 microns or a little

more in length and are about 0.J to 1.0 micron in width.
present are less than one micron in size.

Any grana

The shape of the spore

is distinctly oval unless it is observed in end view, in which case
it is round.

The exine is thin and folding is common.

suture may or may not be visible.

The monolete

At low magnification the spores

often appear to be granulate and therefore might easily be confused
with Punctatosporites Ibrahim 1933 by the casual observer.
Size in microns: 10-25Occurrence: Often of statistical importance but sporadic (see spore
distribution charts).
Thymospora sp. B
Not illustrated
Description: Outline of spore is nearly round with short dimension
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observed to be from 8 7 to 98 percent of long dimension (ll specimens
measured).

Ornamentation of the exine is very distinct and regular

which contrasts to T. sp. A described above which tends to be some
what irregular and varied.

Size in microns: Length, 18-25; width, 17*5-22.5.

Discussion: It is possible that specimens here designated as
Thymospora sp. B are large, rounded specimens of T. sp. A with well
defined, elongated ornamentation elements.

Additional specimens

will have to be examined to resolve this question, but for the
present study they seemed distinct enough to consider them separate
species.

T. sp. B has, however, never been observed in the absence

of T. sp. A.

Occurrence: Present in the Dunkard up to and including the Washington
coal; not recorded in the Kansas samples.

Genus TRICIDARISPORITES Sullivan and Marshall 1966

Type species: Tricidarisporites balteolus Sullivan and Marshall 1 9 6 6 .

Diagnosis (from Sullivan and Marshall 1 9 6 6 , p. 268): "Radial trilete
miospores; amb triangular with concave to convex sides and rounded
apices; trilete rays distinct or obscured by ornamentation; proximal
surface laevigate; distal and equatorial surfaces ornamented with
grana, cones, pila or spines; equatorial ornamentation elements
largest along the interradial margins (up to about two and a half
times the size of the distal ornamentation), reduced or absent at
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the apices; ornamentation elements along the interradial margins of
the equator discrete or laterally coalescent."

Comparison (from Sullivan and Marshall 19 6 6 , p. 268): "The equatorial
ornamentation elements in Tricidarisporites are merely enlargements
in size of the ornamentation elements of the distal surface, whereas
in Diatomozonotriletes the equatorial elements, characteristically
in the form of setae, are of quite different construction from the
spines of the distal surface, as well as considerably larger.

In

many species of Diatomozonotriletes, the distal surface is laevigate.
The ornament in Anapiculatisporites is of uniform size and shape,
and shows no reduction at the apices.

Ornamented forms of Rotaspora

in which the cingulum is poorly developed may resemble Tricidari
sporites."

Tricidarisporites elegans (Peppers) Sullivan and Marshall 1966
Plate 20, figs. 12 and 13

Synonym: Granulatisporites elegans Peppers 1 9 6 I+.

Diagnosis (from Peppers 196b, p. 21): "The spores are radial, trilete,
triangular in outline, and are usually in good proximal-distal
orientation.

The corners opposite the rays are rounded, and the

interradial sides are slightly convex to straight.

The rays extend

at least three-fourths the length of the spore radius, usually to
the spore margin, but are not often visible due to the coarse orna
mentation.

Lips are absent.

The distal surface and the peripheral

areas of the proximal surface are covered with verrucose projections
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that are quite uniform in size.

The verrucae extend to the peripheral

areas of the proximal side hut gradually decrease in size toward the
proximal polar region, where they are less than 1 micron in diameter.
Occasionally the margin at the corners is free of verrucae.

In cross

section, the projections are usually rounded but may be cone shaped
to slightly clavate.

On certain specimens the verrucae are practi

cally all cone shaped, while on others they are mostly clavate.

They

are circular to oval in face view and are often so closely spaced
that they almost touch at their bases.

The verrucae are about 3

microns long and up to 8 .5 microns in diameter.
extend beyond the margin.

Sixty to 75 verrucae

The exine is 2 to 2-7 microns thick."

Size in microns: 53-5-83•2 (Peppers 1 9 6 6 ).

Occurrence: Only two specimens assignable to this species were
observed during the course of the present study; one from the
Lemasters Farm core at a depth of 158.2 to 159*5 feet and the other
from the Silver Lake shale.

Genus TRIQUITRITES (Wilson and Coe) Potonie and Krernp 195^-

Type species: Triquitrites arculatus Wilson and Coe 1 9 U0 .

Diagnosis (from Smith and Butterworth 1 9 6 7 , p* 201-202; translation
of Potonie and Krenq? 195*5 P* 153): "Trilete isospores, or micro
spores; amb approximately triangular.

Exine at angles only slightly

thickened and therefore appears to be darker (valvae) or shows
fairly small projections, which are either pointed or rounded, the
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rounded projections being described as auriculae.

These auriculae

tend to become inflated and more or less to protrude cushion-wise
beyond the contour of the spore in contrast to the auriculae of
Tripartites. Occasionally the three valvae, or auriculae, may be
found joined by a narrow flange at the equator."
Comparison: The auriculae of Tripartites (Schemel) Potonie and Krernp
195 ^ are more flange-like and usually larger than are those of

Triquitrites. Ahrensisporites Potonie and Krernp 195^ is distinguished
by the presence of a kyrtome.
Triquitrites minutus Alpern 1958
Plate 20, figs. l4 through 18 and Plate 23, fig. 10
Diagnosis (translation of Alpern 1958, p. 77): "Triangular, slightly
concave; exine irregularly ornamented with a few grains (grana).
Apex of corners very weakly thickened.

Characterized by its very

small size. "
Size in microns: 15-25 (Alpern 1958 ); 18-26 (present study).
Occurrence: Sporadic in the Dunkard; recorded only from the Havensville shale in the Kansas samples.
Triquitrites tribullatus (Ibrahim) Schopf, Wilson and Bentall
Plate 20, fig. 19
Synonyms: Sporonites tribullatus Ibrahim in Potonie, Ibrahim and
Loose 1932.
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Laevigati-sporites tribullatus Ibrahim 1933Valvisi-sporites tribullatus (Ibrahim) Loose 1934.
Azonotriletes tribullatus (Ibrahim) Luber in Luber
and Waltz 1938*

Synonymy from Smith and Butterworth 1967; P- 205*

Diagnosis (from Smith and Butterworth 1967; P* 205; translation of
Potonie and Krernp 1956; P- 90): "Amb triangular.

Laesurae reach

more or less to the auriculae; auriculae only slightly inflated
and more or less bilobed."

Size in microns: 40-70 (Potonie and Krernp 1 9 6 6 ); 37-52 (Smith and
Butterworth 1 9 6 7 ).

Occurrence: A single specimen was recovered from the Wykert Farm
core (80.4-80.9 feet).

It is probable that the specimen has been

reworked from older strata.

Triquitrites sp. A
Plate 20; fig. 20

Description: Auriculae appreciably inflated; thickened only slightly.
Rays extend to auriculae and are accompanied by thick lips up to 3
microns wide.

Exine covered with short spinae.

Size in microns: About 28.

Occurrence: Recovered only from the Eavensville shale.
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Genus TUBERCULA.TOSPORITES Imgrund 1952
Type species: Tuberculatosporites anicystoides Imgrund 1952Diagnosis (translation of Potonie and Kremp 1956, p. lMr): "Monolete iso-or microspores with, a more or less oval equatorial outline.
Entire exine covered with coni to spinae, mostly not too closely
spaced.

When the ornaments have a more tubercle-like form they are

so spaced to leave enough room for additional elements of the same
size between them-

When densely packed, they belong to the form

Yerrucososporites."
Discussion: The writer is uncertain of the status of this genus.
Potonie and Kremp (195^, 1956) give no diagnosis for the type
species, but present it as a valid genus.

It is therefore tenta

tively accepted.
Tuberculatosporites spinoplicatus Habib 1966
Plate 20, figs. 21 and 22 and Plate 21, fig. 1
Diagnosis (from Habib 1966 , p. 6 Mr): "Monolete spores; roundly
elliptical to bean-shaped in outline.

Exine 1-2 microns thick,

somewhat loosely covered with flimsy, usually curved, spinose
projections which are best seen at the outline; from 10 to 20 of
the processes present at the outline; each process characterized
by from 2 to 5 small, radiating folds at its base; processes 2 -1 0
microns long and vary in side view from almost straight-sided with
a length of more than twice its width, to relatively short with
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tapering sides.

Monolete mark distinct, almost always open, but

may be folded along its entire length; extends almost the entire
length of the spore body; lips thin, slightly raised."

Size in microns: 106-126 (Habib 1 9 6 6 ).

Discussion: That this species belongs to Tuberculatosporites is
somewhat in doubt.

The species, however, is readily recognizable

and is important for zonation within the Dunkard.

Occurrence: Present up to and including the Washington coal in the
Dunkard; not recorded from the Kansas samples.

Genus ‘VERRUCOSISPORITES (Ibrahim) Smith and Butterworth 1967

Type species: Verrucosisporites verrucosus (Ibrahim) Ibrahim 1933-

Diagnosis (from Smith and Butterworth 1 9 6 7 * P # 1^7): "Trilete iso
spores, or microspores.
triangular.

Amb circular, subtriangular or roundly

Margin

generally crenulate but may be

irregularly lobate.

Laesurae generally simple, if

exceeding height of

ornament, length variable from

length of spore radius.

undulate to
ridged, lipsnot
one-half to

Exine predominantly verrucate but sculp

tural elements may include some small proportion of rugulae, coni
or bacula.

Sculpture generally comprehensive but size of elements

may be reduced in contact areas.

In plan view shape circular,

polygonal, phaseolate or irregular; in profile may be dome-shaped
or sides may taper to varying degrees and the apices may be flat,
obliquely truncate or well rounded, height equal to or less than
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breadth.

Sculptural elements generally closely spaced but distance

variable, generally not greater than maximum diameter of verrucae.
Kumber of elements projecting from margin usually greater than 10 but
rarely exceeding 100.

Exine thickness (including sculpture) rarely

exceeds 10 microns."
Comparison:

Differs from Apiculatisporis Potonie and Kremp 1956 by

possessing ornamental elements with basal widths equal to or greater
than the height, and from Convolutispora Hoffmeister, Staplin and
Malloy 1955 and Camptotriletes (Naumova) Potonie and Kremp 195^- by
ornamentation of more or less discrete elements, which are sometimes
confluent at their bases, but which never anastomose to form a system
of ridges.
Verrucosisporites donarii Potonie and Kremp 1955
Plate 20, figs. 23 and 2b and Plate 21, fig. 2
Diagnosis (from diagnosis and description in Smith and Butterworth
1967 , p. 1^9): Art) circular to sometimes oval.

to two-thirds radius, not always visible.

Laesurae one-half

Entire surface covered

by irregular shaped verrucae, measuring up to 3 microns in breadth
and 2 microns in height.

More than 50 verrucae project at equator

and are closely packed.
Size in microns: About 70 (Potonie and Kremp 1955); ^3-79 (Smith
and Butterworth 1967)5 38-7^ "but rarely below U5 (present work).
Discussion: See discussion of V. microtuberosus below.
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^

Occurrence: Sporadic; see spore distribution charts.

Verrucosisporites microtuberosus (Loose) Smith and Butterworth 1967
Plate 21, figs. 3 and 4

Synonyms: Sporonites microtuberosus Loose in Potonie, Ibrahim and
Loose 1932.
Tuberculati-sporites microtuberosus Loose 193^-•
Punctatisporites mi crotuberosus (Loose) Schopf, Wilson
and Bentall 19^.
Plani-sporites microtuberosus (Loose) Knox 1950.
Microreticulatisporites microtuberosus (Loose) Potonie
and Kremp 1955*
Planisporites microtuberosus (Loose) Knox in Bharadwaj
1957-

Synonymy from Smith and Butterworth 19^7, p* 1^9*

Diagnosis (from Smith and Butterworth 1967; P* 150): "Amb oval to
circular; outline regularly notched.
three-quarters of radius.

Laesurae simple, one-half to

Exine covered by small, bluntly conical

verrucae, not exceeding 2 microns in height or breadth; closely
packed; 70-100 project from margin.

Exine thin with compression

folds."

Size in microns: 55-85 (Potonie and Kremp 1955)-

Discussion: -According to the above diagnoses, V. microtuberosus
differs from V. donarii Potonie and Kremp 1955 by having smaller
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verrucae; usually oval amb rather than circular and by normally
having compression folds developed.

The present writer has found

it difficult to separate these species in a mixed assemblage.

If

one type is present alone it presents no problem., but when together
in an assemblage they blend together and have given the present
writer the distinct impression that they are synonymous and probably
should all be assigned to the older species (V. microtuberosus).
They are, however, retained as separate species until a time when
some formal work is completed to dictate proper assignment of the
spores.

Occurrence: See spore distribution charts.

Wo specimens assignable

to V. microtuberosus were recorded from the Kansas samples.

Verrucosisporites sifati (Ibrahim) Smith and Butterworth 19^7
Plate 21, fig. 5

Synonyms: Reticulati-sporites sifati Ibrahim 1933Microreticulatisporites sifati (Ibrahim) Potonie and
Kremp 1955*

Synonymy from Smith and Butterworth 1967 , p. 152.

Diagnosis (from Smith and Butterworth 19^7; P* 152): "Amb oval to
circular; margin gently undulating.

Laesurae simple, one-third to

one-half of radius (longest axis).

Exine covered by verrucae with

low, well-rounded apices; height less than 2.5 microns, breadth not
exceeding 5 microns; 50 to 70 verrucae project at margin.

Exine
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thin, usually with narrow compression folds."

Size in microns: 80-lb0 (Potonie and Kremp 1955)*

Discussion: The size ranges of V. sifati, V. verrucosus (Ibrahim)
Ibrahim 1933 and V. microtuberosus (Loose) Smith and Butterworth
1967 all overlap.

V. sifati differs from V. verrucosus by having

broad, low, well-rounded verrucae and from V. microtuberosus by
having slightly larger and less tightly packed verrucae.

Occurrence: Sporadic in the Dunkard; not recorded in the Kansas
samples.

Verrucosisporites verrucosus (Ibrahim) Ibrahim 1933
Plate 21, figs. 6 and 7

Synonyms: Sporonites verrucosus Ibrahim in Potonie, Ibrahim and
Loose 1932.
Verrucosi-sporites verrucosus Ibrahim 1933Azonotriletes verrucosus (Ibrahim) Luber in Luber and
Waltz 1938.
Punctati-sporites verrucosus (Ibrahim) Schopf, Wilson
and Bentall l^bk.
Verrucoso-sporites verrucosus (Ibrahim) Knox 1950.

Synonymy from Smith and Butterworth 1 9 6 7 , p- 15^*

Diagnosis (from diagnosis and description in Smith and Butterworth
1987, p- 15*0: Amb roughly oval to circular; outline with irregular
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protuberances.

Laesurae from less tban one-half to nearly three-

fourths radius,, not always risible.

Surface densely covered by

irregular shaped verrucae, up to k microns in breadth and 2.5 in
height.

to more than 50 verrucae project at margin.

Size in microns: 70-100 (Potonie and Kremp 1955)5 52-9^ (Smith and
Butterworth 19^7)•
Discussion: V. verrucosus has larger verrucae than V. donarii
Potonie and Kremp 1955Occurrence: Sporadic occurrence throughout the Dunkard; not recorded
in the Kansas samples.
Verruc0 sisporites sp. A
Plate 21, figs. 8, 9 and 10
Description: Amb circular or slightly oval.
tinct and about two-thirds radius in length.

Laesurae usually dis
Ornamentation of poorly

defined, somewhat obscure, verrucae less than 2 microns in height
that densely cover the entire spore.

The exine may be folded but

usually is not.
Size in microns: 2 7 -*+5•
Occurrence: Sporadic occurrence throughout the Dunkard strata;
recorded only from the Pony Creek shale in the Kansas samples.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Verrucosisporites sp. A
Plate 21, figs. 8, 9 ancL 10

Description: Amt> circular or slightly oval.

Laesurae usually

distinct and about two-thirds radius in length.

Ornamentation

of poorly defined, somewhat obscure, verrucae less than 2 microns
in height that densely cover the entire spore.

The exine may be

folded but usually is not.

Size in microns: 27-^5*

Occurrence: Sporadic occurrence throughout the Dunkard strata;
recorded only from the Pony Creek shale in the Kansas samples.

Verrucosisporites sp. B
Plate 21, figs. 11 and 12

Description: Amb essentially round.

Ornamentation consists of

densely packed verrucae forming a pseudocingulum up to 5 microns
wide.

Laesurae distinct and extend to spore body margin.

Very

low, but recognizable, lips are developed.

Size in microns: 38-50.

Discussion: V. sp. B may be assignable to Grumosisporites Smith
and Butterworth 1 9 8 7 *

Occurrence: A number of specimens were recovered from the Lemasters
Farm core at a depth of 158.2-159*5 feet.
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Genus VESICASPORA (Schemel) Wilson and Venkatachala 1963
Type species: Vesicaspora wilsonii (Schemel) Wilson and Venkatachala
1963d.
Diagnosis (from Wilson and Venkatachala 1963 d., p. 1^2-1^3)s "Pollen
grains bilateral, oval to circular in polar view; central body
spherical, not discernible in many cases in distal polar view,
distinct when viewed in lateral, oblique, and proximal polar posi
tions; exposed portions of central body laevigate to finely granulose;
saccus oval to circular in proximal or distal views, laevigate in
surface view, infrareticulate, enveloping the central body in
equatorial region, proximal cap and sulcus area free, saccus distally
inclined in oblique and lateral compressions; sulcus fusiform or
irregular in outline, extending almost across central body at right
angles to the long axis of the grain."
Discussion: Hart (1965 , P- 70), although giving credit to Wilson
and Venkatachala (1963 d) for emending the genus, persists in
describing it, in the diagnosis given by him, as disaccate.

Wilson

and Venkatachala clearly demonstrate the genus to be monosaccate as
was indicated in the original description of Schemel (l95l)*
Furthermore, Wilson and Venkatachala (1963 d, p. 1 ^-8 ) point out that
later authors (after Schemel, 1951) kad described Vesicaspora as a
bisaccate pollen.

They cite "Alpern, 1959j Eharadwaj, i9 60 ; Jizba,

1962 , Hart, i960 ; Potonie, 1958" as having done so.
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Vesicaspora saarensis (Bharadwaj) Habib 1966

Synonym: Alisporites saarensis Bbaradwaj 1957-

Diagnosis (adapted from description by Bharadwaj 1957 as reproduced
in Catalog of Fossil Spores and Pollen, Vol. 13, p- 73): "Central
body distinct, roundly tetragonal or broadly elliptical with a
vertical slit lying transverse to the long axis of the spore.
slit nearly reaches the lateral margin of the central body.

The
The

edges of the slit are thick and thus easily distinguishable."

Saccus

intrareticulate vith small meshes.

Size in microns: Saccus 30-50 x 22-26; body 2k-22 x 22-18 (Bharadwaj
1957).

Discussion: A number of specimens assignable to this species have
been observed during the present study.

The writer believes, however,

that they are morphological variants of V. wilsonii (Schemel) Wilson
and Venkatachala 1 9 6 3 d.

They are always present in very low percent

ages and when present, always with V. wilsonii.

In the present

study this taxon has not been observed in a residue which did not
also contain V. wilsonii. Except for the darker, more distinct body
there is no way to separate the species, and in a large number of
specimens there seems to be all gradations between the two.

V.

saarensis is, therefore, included with V. wilsonii for the purposes
of this study.
Eharadwaj (1 9 5 7 ) considered the species to be bisaccate.
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Vesicaspora schaubergeri (Potonie and KLaus) Jizba 1962
Synonym: Pityosporites schaubergeri Potonie and Klaus 195^Diagnosis (adapted from description in Jizba 1962 , p. 883 -8 8 )+):
Narrow distal furrow., 1-3 microns wide-

Four micron wide zone of

very small isodiametric reticulate meshes borders furrow.
circular to subcircular.
what radially aligned.

Body

Proximally, saccus muri small and some
Distally, saccus muri h -6 microns maximum

diameter.
Size in microns: Maximum dimension, bl-60; total width 28-i+l; body
length, 2 5 -38 ; body width, 22,-kO (jizba 1962 ).
Discussion: Jizba (1962 ) considered Vesicaspora Schemel 1951 to be
bisaccate (see Discussion under Genus Vesicaspora (Schemel) Wilson
and Venkatachala 1963 d).
The present writer originally thought V. schaubergeri to
be distinct and separable from V. wilsonii (Schemel) Wilson and
Venkatachala 1963 d principally on the basis of size.

As the current

study progressed, however, it became apparent that specimens grada
tional between the two occur in appreciable numbers and it was
completely arbitrary where they were assigned.

Eecause of this, all

specimens that could be assigned to V. schaubergeri in the present
study have been placed in V. wilsonii. Further, a number of speci
mens have been observed which display a "breaking-up" of the spore
body and have a remarkable resemblance to specimens illustrated by
Jizba (1962 , plate 121) and described by her as Complexisporites
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polymorphus♦

It is here considered more than a possibility that

Complexisporites Jizba 1962 is a morphological variant of
Vesicaspora.

If this proves to be the case, it may be a strati-

graphically important variant.

Vesicaspora wilsonii (Schemel) Wilson and Venkatachala 196 3 d
Plate 21, figs. 13 through 17 and Plate 22, figs. 1 through 5

Specimens of Vesicaspora wilsonii encountered during the course of
this study support the morphological reinterpretation of Wilson and
Venkatachala (1 96 3 d).

The generic diagnosis as given by them is

here used for the specific diagnosis of V. wilsonii and only matters
of size need be added.

Size in microns: Overall dimensions: maximum about h6 x L-0; minimum
about 3^ x 2 5 . Central body; maximum about 27; minimum about 20
(data from explanation of plates 1 and 2, Wilson and Venkatachala
1 9 6 3 d, p. l^A and 1^6); maximum dimension 30-JO (present study).

Discussion: Considerable morphological variation has been observed
in specimens assigned to V. wilsonii in this study.

These variations

are discussed in detail under V. saarensis (Bharadwaj) Habib 1966 and
V. schaubergeri (Potonie and KLaus) Jizba 1962 in the preceding pages
of the present report.

Occurrence: Present throughout the strata studied; see spore distri
bution charts.
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Vesicaspora sp. A
Plate 22, figs. 6 and 7
Description: Both body and saccus are nearly round.

Body very large

relative to saccus.
Size in microns: 75-88 total diameter.
Occurrence: Recorded only from a few horizons in the Greene formation,
Dunkard Group.
Genus VESTIGISPORITES (Balme and Hennelly) Hart i960
Vestigisporites has been placed in synonymy with Potonieisporites
(Eharadwaj) Bharadwaj 196k by Bharadwaj 196 ^.

See discussion

under Potonieisporite s.
Genus VITTATIHA Luber ex Jansonius 1962

Synonym: Striatoluberae Hart 1963 .
Synonymy from Hart 1965 ^ p- 50.
Type species: Vittatina subsaccata Samoilovich 1953j designated by
Jansonius 1962 .
Diagnosis (from Hart 1965 , p. 50): "Striatiti with or without sacci.
The disaccate forms have minute, almost unnoticeable, terminally
attached sacci.

The outline is normally haploxylonoid but when

sacci are developed it may be slightly diploxylonoid.

The proximal

cap is divided into longitudinal ribs and these ribs meet, or even
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join in a regular fashion, terminally; alternatively they crowd
together, or appear to crowd together, terminally-

Distally the

miospore may be laevigate, granular, or transversely striated.
Terminally the longitudinal ribs of the proximal surface may pass
onto the distal surface and when they meet in a regular fashion
they give the effect (in flattened polar view) of terminal trans
verse striations on the distal surface."

Discussion: Vittatina differs from other striate genera by the
absence of sacci or presence of only minute sacci.

Vittatina costabilis Wilson 1962
Plate 22, figs. 8 , 9 and 10

Diagnosis (from Wilson 1962 , p. 25-26): "Pollen bilateral; broadly
oval in equatorial view, slightly flattened in plane of equator;
proximal surface with 12 to 20 longitudinal ribs, converging or
tapering toward ends, some terminating near center of proximal
face, round-topped, 2 to h microns wide, 2 to 3 microns high; con
vergence point of proximal surface ribs in many cases slightly
depressed, punctate under oil immersion, punctae about 1 micron
in diameter; distal surface with 3 to 7 transverse ribs, except
for the central rib, most are obscure, 5 to 8 microns wide, 2 to 3
microns high, tapering toward equatorial rim, darker color than
others, punctate under oil immersion, punctae about 0 -5 micron in
diameter; compression folds may occur near convergence area of
proximal ribs."
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Size in microns: Length, 10-60; width 30-52 (Wilson 1962 ).
Occurrence: Recorded only from the Wellington shale in the present
study.
Vittatina lata Wilson 1962
Plate 22, fig. 11
Diagnosis (from Wilson 1962 , p. 2 5 ): "Pollen bilateral; broadly
oval in equatorial view, many specimens slightly flattened in
plane of equator; proximal surface with 6 to 10 longitudinal ribs,
converging at ends, few terminating near center of face, flat, 6
to 1 1 .5 microns wide, 2 to 3 microns high near center of proximal
face, punctate under oil immersion, punctae approximately 0-5
micron in diameter; distal surface with 9 to 10 transverse ribs
converging, broad, flat, 6 to 10 microns wide, 2 to 3 microns
high, occasionally tapering to point near center of distal face,
punctate under oil immersion, punctae approximately 0 .5 micron in
diameter; compressed specimens may have folds near ends of long
axis; germinal slit, apparent in some specimens, located centrally
and appears as a simple cleft extending transversely across distal
face."
Size in microns: Length, 50-70; width 10-52 (Wilson 1962 ).
Discussion: Specimens as small as 10 microns in length have been
assigned to the species in the present study.
Occurrence: A single, questionable occurrence was recorded in the
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Virgilian (Silver Lake shale); sporadic occurrences in the Council
Grove Group; regularly present in the Chase Group and above; not
recorded from the Dunkard.
Vittatina irregularis Habib 1968
Plate 22., fig. 12
Diagnosis (from description in Habib 1968 , p. 206): "Bisaeeate (?)
striate pollen grains, oval to elliptical in outline.

Proximal

surface covered -with 8 to 12 ribs of very irregular widths, ranging
from 3 to 8 microns.

In some specimens ribs of 3-^ microns in width

alternate in part with ribs 6 -8 microns wide.
tend to widen and narrow.

Individual ribs also

Distal surface minutely granulose.

Sacci

(or perhaps folds) are attached subequatorially on the distal surface.
They are smooth, not possessing the characteristic ornamentation of
saccate pollen.
Size in microns: 56-65 (Habib 1968 ).
Discussion: Vittatina nova Helby (1966 ) is defined as having ribs up
to 3 microns wide-

A number of specimens encountered in the present

study could be assigned to V. nova but the overall characteristics of
the total number of specimens favor assignment to V. irregularis,
particularly on the basis of rib width.

V. foveolata Tschudy and

Kosanke 1966 also seems quite similar to V. irregularis but the former
is defined as being coarsely foveolate.
Occurrence: Hot recorded from the Kansas samples; sporadic in the
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Dunkard with most occurrences in the Greene formation (see spore
distribution charts).
Genus WESTPHALEWSISPORITES Alpern 1958
Plate 22, fig. 13
Type species: Westphalensisporites irregularis Alpern 1958.
Diagnosis (translation of Alpern 1958, p. 78): "Small triangular
spores, distinctly triradiate, with large cingulum, the outline of
which is more or less irregular.

Differentiated from Simozono-

triletes by the larger and flatter cingulum."
Discussion: According to Alpern (1958, p. 78) the genus appears to
be characteristic of the Westphalian D from which the generic name
was derived.
Occurrence: A single specimen has been observed during the present
study and was recovered from the Calhoun shale.

The specimen is

probably assignable to W. irregularis Alpern, the type species.
Genus WILSOWITES (Kosanke) Kosanke 1959

Synonym: Wilsonia Kosanke 1950.
Type species: Wilsonites vesicatus (Kosanke) Kosanke 1959*
Diagnosis (from Smith and Butterworth 196J, p. 307,' after Kosanke
1950, p. 5^-): "Grains are radial, trilete, and body and bladder are
round in transverse plane.

They are usually flattened in good
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proximal-distal orientation.

Folding of the bladder is common and

folding of the body occasionally occurs
of the distal portion of the body.

The bladder covers all

The proximal portion of the body

is either completely covered by the bladder or largely covered by
it....There appears to be a slight peripheral bladder thickening in
Wilsonia delicata sp. nov. which may or may not be due to the
internal bladder ornamentation.

The rays extend at least three-

fourths the distance to the body margin., the lips are elevated, and
the commissure is usually thin...."
Comparison: The body of Endosporites Wilson and Coe 19*t-0, is much
more distinct.

Wilsonites differs from Florinites Schopf, Wilson

and Bentall 19*A by consistently having a discernible trilete mark
and often being, but not invariably, circular in outline.

Guthorli-

sporites Bharadwaj 195*-!' has a much more distinct body than
Wilsonites.
Wilsonites delieatus (Kosanke) Kosanke 1959
Plate 22, figs. lh and 15 and Plate 23, figs. 1 and 2
Synonym: Wilsonia delicata Kosanke 1950.
Diagnosis (from Smith and Butterworth 19&7; P* 307 after Kosanke
1950; p- 5*0: "Outline of body and saccus circular.

Trilete rays

distinct, almost equal to body radius in length, lips greatly
elevated, suture very thin.

Saccus covers distal surface and large

part of proximal surface of body.

Saccus laevigate externally,

reticulate internally, slightly thickened at periphery.

Body

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

289

laevigate to minutely granulate.

Saccus 1.5-2.25 microns thick;

body 2 -3 microns thick; folding of saccus and body common."

Size in microns: saccus 8 1 -9 8 , body 52-6l (Kosanke 1950).

Specimens

which Smith and Butterworth (1 9 6 7 * p* 308) believe conform favorably
to W. delicatus ranged in size from 68 to 12k microns with the body
maximum diameter varying from 26 to 65 microns.

Discussion: Smith and Butterworth (p. 308) report that in addition
to the size variation, their specimens were not consistently circular
and had less pronounced laesurae.

They also report that specimens

approximating Kosanke's description, found at various horizons in the
Westphalian, vary in overall diameter from 5k to 138 microns.
Peppers (1 9 6 U, p. ^-2) extended the size range to include grains as
small as 58 microns.

In the present study grains have been included

in W. delicatus with a maximum dimension of from 50-12^ microns.

Occurrence: Sporadic.

Wilsonites (?) sp.
Plate 23, fig. 3

Description: Saccus maximum dimension 50 microns, body 30 microns.
Both saccus and body very thin, body folded.

No laesurae visible.

Luminae of saccus about 3 to k microns wide.

Body laevigate.

Occurrence: A single specimen was recovered from the Silver Lake
shale.
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CONCLUSIONS
The primary purpose of the present study has been to
establish palynological evidence on the geological age of the
Dunkard strata, a subject of debate for at least 90 years.

During

this time the popular inclination has been to accept the age as
Permian without serious question.

The present study of fossil

spores and pollen substantiates an Upper Pennsylvanian rather than
a Permian age for the entire sequence of strata called the Dunkard
Group.
The literature has been extensively searched during the
course of the present study.

Consequently, numerous palynological

papers, from many regions of the world, have been utilized in the
analysis and comparison of the fossil spore and pollen assemblages
from the Dunkard strata with both Upper Pennsylvanian and Lower
Permian assemblages.

These data unequivocally support an Upper

Pennsylvanian age for the entire Dunkard Group.
In addition to the use of published papers, samples were
collected from the Virgilian, Gearyan and basal Cimarronian stages
of Kansas for direct comparison of palynological data.

These data

are presented elsewhere in the present report and permit correlation
of the youngest Dunkard to no strata In Kansas younger than
Yirgilian.
This particular sequence of strata in Kansas was collected
because it contained the generally accepted Pennsylvanian-Permian
boundary in American and should, therefore, provide the needed data
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for comparison with, the Dunkard regardless of whether it proved to
be uppermost Pennsylvanian or lower Permian.

These strata, unfor

tunately, have not been found to contain the data necessary to
establish a definite correlation between the Appalachian and MidContinent areas.

The reason this correlation cannot be definitely

established at this time, is, quite simply, that much of the Dunkard
strata is, in fact, older than the oldest strata sampled in Kansas
for the present study.
An appreciable number of spore species occur in the lower
Dunkard (up to and including the Washington coal) that are not
present in the oldest Kansas samples studied.

These species are

interpreted as having their first occurrences in strata older than
the Dunkard and their tops, or last occurrences, within the Dunkard
and before the time of the lower Shawnee Group, middle Virgilian, of
Kansas.

Correlation of these Appalachian strata with equivalent

Mid-Continent beds will have to await palynological study of the
Douglas Group, lower Virgilian Stage and the underlying Missourian
Stage rocks.
Species with their tops in the Washington coal and older
Dunkard strata include: Calamospora hartungiana, Convolutispora
venusta, Dictyotriletes muricatus, Laevigatosporites sp. A (except
for a single specimen occurrence), Striatopodoearpites sp. A,
Thymospora sp. B, and Tuberculatosporites spinoplicatus. These
seven species together define the top of a distinct palynological
zone in the lower Dunkard.

This zone is older than the Stull shale,

Shawnee Group, Virgilian Stage, for none of these species were
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recorded from the Shawnee Group of Kansas.
In addition to the above, Potonieisporites elegans does
not occur above the Nineveh coal, Greene formation and Punctatisporites breviornatus and Raistrickia aculeata apparently have their
final Dunkard occurrence at the horizon of the Dunkard coal (also
Greene formation).

The three species were not recorded from the

Kansas samples but are considered to be of less significance than
the above seven because of their generally sporadic occurrence.
Florinites similis ranges throughout the Dunkard but was
recorded only in the oldest Kansas sample (the Stull shale, see
spore distribution charts).

Hamiapollenites sp. A occurs throughout

the Greene formationbut was not recorded from the Kansas samples.
The same is true for Schopfipollenites varius. Thymospora pseudothiessenii occurs throughout the Dunkard and is statistically
important in the uppermost samples.

It was represented in only a

single sample, the Havensville shale, from Kansas.

The occurrences

of these species are interpreted as indicative of an older age for
the Dunkard than that represented by the Kansas samples.
The meager presence of Lycospora in the Duhkardian and
Virgilian as opposed to the relatively greater abundance recorded
from the Gearyan is considered to be of considerable importance.
The near absence of Lycospora coupled with the presence of Triquitrites minutus up to and including the Nineveh coal horizon, Greene
formation, Dunkard Group is interpreted to require assignment of
all the Dunkard, older than the Nineveh, to the Stephanian B.

The

Nineveh horizon is the last recorded occurrence of Triquitrites
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minutus until the Havensville shale, Chase Group is reached.
Havensville shale poses some very interesting occurrences.

The
A

number of species either reoccur or have their last occurrence at
this horizon.

It looks very much like a "last gasp" situation for

the typically Pennsylvanian floras.

The overlying Wymore shale

offers an almost totally different flora picture.

Certainly a

"time of great dying" was the order of the day which closed the
Havensville shale deposition.
Assignment of the Shawnee and Wabaunsee Groups to their
proper places in the European classification, based on the data
currently available to the writer, would be premature at this time.
However, adequate data are available to assign the Council Grove and
the Havensville shale of the Chase Group to the Stephanian C.

More

data will be required to ascertain whether the Shawnee and Wabaunsee
Groups should be assigned to the Stephanian B or C.

The data cur

rently available, which should not be considered complete, favors
Stephanian C.
There is a fairly pronounced flora change above the Nineveh
in the Dunkard (see spore distribution chart).

Exactly where this

change occurs is not known due to the extremely weathered condition
of outcrops above this horizon and the consequent poor recovery of
spores.

The Wykert and Lemasters Farm cores have proven to be of

great value and indicate that additional cores, taken in the interval
between the Windy Gap limestone and the Nineveh coal, could provide
samples adequate to precisely locate this floral break.

Within the

300 feet between the base of the Lemasters core and the shales
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immediately above the Nineveh coal is believed to lie the boundary
between the Stephanian B and C.
Several additional species support the conclusion that
the Kansas samples of the present study are generally younger than
the Dunkard strata.

As discussed elsewhere in this paper Anguli-

sporites was described from the Stephanian C.

In the present study

it was recorded only from the Stull shale, Shawnee Group.

Future

studies should establish the range of this genus in America
may prove it quite useful.

and

Complexisporites polymorphus occurs as

early as the Silver Lake shale in the present study.

Jizba (1 9 6 2 ,

p. 8 7 7 ) reports it from the Aarde shale member (see Nodaway coal
position on spore distribution chart, this report).
recorded from the Dunkard.

It was not

Hamiapollenites tractiferinus occurs as

early as the Larsh-Burroak shale but was not recorded from the
Dunkard.

Laevigatosporites perminutus has a very limited range

recorded, in the Wabaunsee Group, in the present study.
is absent from the Dunkard.

It too,

Gillespieisporites sp. A is regularly

present in the Kansas samples but unrecorded from the Dunkard.
The presence of Limitisporites, Lycospora sp. D, Nuskoisporites sp. A, Pityosporites sp. E, Potonieisporites simplex,
Striatoabietites, Taeniae spor ite s, Yittatina costabilis, and Vittatina
lata all point positively to the younger than Duhkardian aspect of
the Council Grove and overlying strata.
Species offering evidence to relate the Duhkardian to the
Virgilian include what has here been designated Genus B.

This

species was recorded from shale within the Upper Washington limestone
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and from the Wykert core.

The occurrence within the Stull shale of

Kansas, accompanied by the last occurrence of Plorlnites similis is
considered to be significant.

Essentially the same situation is

present in the Dunkard (see spore distribution chart).

It is also

quite significant that this event in Kansas preceeds the first
occurrence of several species not recorded from the Dunkard.

Proto-

haploxypinus sp. B was recorded from the Shawnee Group; it is then
absent until it reappears in the Havensville shale and continues
upward with renewed vigor.

The species is present in the Dunkard

from the base of the Greene formation upward to the Nineveh, above
which it was not recorded.

The presence of Striomonosaccites sp. A

may also be of significance.

In the Dunkard it is present only at

the horizons of the Hundred and Dunkard coals (an interval of only
about 50 feet).

In Kansas it was recorded from four samples in the

Shawnee and Wabaunsee Groups.

Study of older samples from Kansas,

probably within the Douglas Group, Virgilian, to establish the
earliest occurrences of both Protohaploxypinus sp. B and Striomonosaceites sp. A should prove highly significant in establishing
this correlation.
There are, as may be readily seen from the spore distri
bution charts, many species common to the two regions under
consideration here.

It would not serve the purpose of this paper

to further elaborate upon them.

It shall suffice to say that all

samples up to the Wymore shale are overwhelmingly Pennsylvanian in
aspect and should henceforth be considered such.

The Wymore shale

has a definite Permian aspect if the explosive evolutionary outburst
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of the disaccate types is the fundamental difference between the
Carboniferous and the Permian.
The "Vittatina zone" of Barss and Hacquebard (1967 ) is
not recognizable, in the present study, until the base of the
Wellington shale is reached.

Additional, and detailed, work is

clearly needed in the Chase Group before final recommendations
could be forthcoming regarding the placement of this long disputed
boundary.

However, with the limited palynological data that is

currently available, and since the Wellington shale is a recognized
fusulinid as well as a lithologic boundary, it seems the most
logical place for the Pennsylvanian-Permian boundary.

Somewhere

within and including the time of the Wymore and lower Wellington
shales occurs a major event in the Earth's history that can
apparently, within reason, be recognized worldwide.

This seems to

be a period of time upon which agreement could be reached by both
invertebrate and vertebrate paleontologists as well as palynologists,
stratigraphers and others.
To recapitulate conclusions that have been reached in
various parts of the present paper it should first be stated that
Callipteris conferta is rejected as an infallible indicator of
Permian time.

Doubinger (i9 6 0 ) has also assigned Callipteris conferta

bearing beds to the Stephanian.

The present writer further rejects

the opinion that Callipteris conferta beds are restricted to youngest
Stephanian.

The Callipteris conferta occurrences in the Dunkard are

below known occurrences of the "infallible" Westphalian D index
fossil, Heuropteris ovata.

The present study has demonstrated that
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both miro- and mega-fossils more typical of the Westphalian D occur
in the Dunkard and that it therefore is not youngest Stephanian.
The infallibility of Weuropteris ovata as an index to the Westphalian
D is also rejected.
Further, the concept that the first appearance of Pseudoschwagerina heralds Permian time is rejected.

The infallibility of

this genus as an index to the Permian is rejected because the present
study has shown that Pseudoschwagerina bearing beds and associated
strata of Kansas (Council Grove Group) contain Pennsylvanian spore
assemblages.

The occurrences of Lycospora, the culmination of mono-

lete spore genera, the appearance of bisaccate, striate forms and
the continuing occurrence of numerous Pennsylvanian trilete spores
are together taken as positive evidence of the Stephanian age of the
Dunkard, Virgil and Council Grove strata of the present study.
The solution to a satisfactory location of the PennsylvanianPermian boundary probably cannot be expected to be a simple one.
Emotional outbursts, which have been evident in the past, may,
unfortunately, remain a significant factor in this problem and could
significantly retard international and interdisciplinary agreement.
Kaoumova and Rauser-Chernousova (196 U) have presented a modern view
held by at least some of the Russians.

They assign the Asselien to

the Upper Carboniferous and begin the Permian with the first occur
rence of Parafusulina.

In view of the evidence presented in the

present paper, this seems to be a logical, recognizable, and there
fore workable boundary.
The Jollytown coal has been restored to its original

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

position below the Upper Washington limestone.

The original note

book of I. C. White has been located in the archives of West
Virginia University library and confirm the palynological conclu
sions.
Approximately 150 feet of uppermost Dunkard strata have
been described for the first time in the present report.

This has

been made possible by coring of the uppermost, almost totally
covered, strata by personnel of the West Virginia Geological Survey.
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SPORE PLATES

Explanation: All dimensions given are the maximum dimensions of
the spore being illustrated unless otherwise stated.

All illus

trations are reproduced from unretouched photographs and are
magnified approximately 615 X unless otherwise indicated.

Measure

ment of several of the photographs indicates that the magnification
varies somewhat due., apparently, to different times of printing
and consequent slight differences in the enlarger focal length.
Thus, a.magnification of 615 X has been established as an average
figure although it may vary by as much (+ or -) as 50 X.
Mac. is the abbreviation here used for maceration and si.
is used for slide.
microns,

A lower case u is used to signify micron or

t-a and 1-a have been used occasionally and indicate

transverse axis and longitudinal axis, respectively.
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Explanation of Plate 1

Figure
1. Acanthotriletes (?) sp. A.
si. 3-

Silver Lake shale, mac. 3696 ,

Body about 20 u; spines k-5 u long, 1-2 u wide

and 2-k u apart.

Magnification approximately 1000 x.

2. Same specimen as figure 1.
3* Acanthotriletes sp. C. Havensville shale, mac. 368 U,
si. 1-A-^r.

Body 22 u; spines about 2 u high and 1 u wide.

Ahrensisporites sp. A.

Shale above Nineveh coal, mac. 3626 ,

si. 1 . 35 u.
5

through 11.
5.

Alisporites zapfei.

Upper Dunkard, Wykert core, mac. 3787; si. 1.

^8 u;

body, 2k u in longitudinal axis; sacci about 36 u in
transverse axis.
6 . Waynesburg A coal, mac. 3725; si. 1.

7^- x ^8 u; sacci

22 u wide.
7 . Waynesburg A coal, mac. 3725; si. 1.
8.

60 x bO u.

Shale middle of Upper Washington limestone, mac. 35^0,
si. 1 . 66 u.

9-

Upper Dunkard, Wykert core, mac. 3782, si. U.

10.

Havensville shale, mac. 368 !+, si. l-A-7*

11.

Wellington shale, mac- 3682, si. 5-

12 through lU.

Angulisporites sp. A.

56 u.

50 x 36 u.

56 x Uo u.

Stull shale, mac. 3700,

si. 3 .
1 2 . 76 u; body about 55 u; cingulum about 10 u.

13-

7^ u.
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Figure

ill-. 6k u; body k2 u.
1 5 . Apiculatisporis sp. A.
3719 . si. 1.

Little Washington coal, mac.

78 u.

1 6 . Apiculatisporis sp. B.

Shale above Dunkard coal,

mac. 3711, si. 6 . Body 25 u; small spines less than
2 u high.

17-

Apiculatisporis sp. C.
si. l-A-7*

18.

Havensville shale, mac. 368 ^,

Body 32 uj small spines less than 2 u high.

Cadiospora magna. Fish Creek coal, mac. 3^93^ si. 1.
92 u.
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Explanation of Plate 2
Figure

1 through 6 . Cadiospora magna.
1.

Shale parting, Wayneshurg B coal; mac. 3628; si. 1. 60 u.

2.

Hostetter coal; mac. 2979; si. 1. 86 u.

3-

Upper Duhkard; Lemasters core, mac. 3761; si* 5* 78 u.

4.

Hostetter coal; mac. 2979; si. 1. 80 u.

5.

Black shale in Eiss limestone member; mac. 3686 ; si. 7*
62 u.

6 . Easly Creek shale; mac. 3685 ; si* 7*

60 x 60 u; laesurae

to 28 u long.
7 through 9*

Calamospora breviradiata.

7-

Little Washington coal, mac. 3500; si. 23-

8.

Shale parting; Waynesburg B coal; mac. 3628 ; si. 3*

9.

Hodaway coal; mac. 368 O; si.

10 and 11.

76 u; rays to l6 u.

Calamospora microrugosa.
98 u; rays maximum 22

10.

Washington coal; mac. 3^98; si. k.

11.

Coal in Pony Creek shale; mac. 3692; si. 3* 90 u; rays
16 u.
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Explanation of Plate 3
Figure

1

through 3> Calamospora pallida.
60 u; rays to 16 u.

1.

Hundred coal, mac. 3^92, si. 7-

2.

Little Washington coal, mac. 3719> si. 1-

58 u; rays

to 20 u.
3-

C. cf. pallida. Hundred coal, mac. 3^-92, si. 7*

18 u;

rays to 12 u.
1

through 6 . Calamospora parva.
I.

Havensville shale, mac. 3681, si. l-A-7-

10 u; rays to

10 u.

5-

Salem Point shale, mac. 3888 , si. 1.

6.

7

18 u.

Little Washington coal, mac. 3500, si. 23-

and 8 . Calamospora pedata.
7-

Shale parting, Wayneshurg B coal, mac. 3828 , si. 1.
65 u; laesurae to 16 u.

8.

Hundred coal, mac. 3^92; si. 7* 81u; rays to 2l u.

9 . Calamospora pusilla. Upper Dunkard, Wykert core,mac.

3782,

si. 1 . 10 u; rays 12 u.
10

through 1 6 . Columinisporites sp. A.

Black shale within Eiss

limestone member, mac. 3886 . Figs. 10 and 11 from si. J;
Figs. 12 through l6 from si. 31 0 . 68

x 10 u.

Ridges about 2 u wide.

II. 71 ^ ll u.

Ridges about 1 .5 u wide.

12. 80 x 50 u.

Ridges about 2 u wide.
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Figure

13-

6kx kk u.

Ridges 2-3 u wide.

Membrane extends up to

8 u beyond body.
Ik.

58x 1)4 u.

15-

6kx k2 u.

16.

76x k2 u.

1 7 . Columinisporites sp. B.

Havensville shale, mac. 366k, si.

1-A-ir. 80 x 38 u; ridges up to U u wide, mostly 2-3 u wide.
1 8 . Complexisporites polymorpbus. Wellington shale, mac. 3682,

si. 5 * 58 x k6 u; body ^3 x 37 ^ (^3 u in transverse axis);
sacci

x 18 u (l8 overlaps body by 8 u) and k6 x 20 (20

overlaps body by 10 u).

Specimen has 6 fissures; ribs vary

from k -8 u wide; two prominent transverse folds on body.
19. Convolutispora venusta. Washington coal, mac. 3^-98, si. 75k u.

20. Convolutispora sp. A.

Waynesburg B coal, mac. 3629 , si. 1.

kk u.

21. Convolutispora sp. B.

Shale above Wineveh coal, mac. 3626 ,

si. 1 . 30 u; rays prominent, 12 u.
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Explanation of Plate b
Figure

1.

Convolutispora sp- C-

Salem Point shale^ mac. 3888 , si. 1.

30 u; ornamentation about 2 u high; laesurae indistinct,

about 9 u- long.
2

and 3•

Cordaitina (?) spp.

2- Jollytcwn coal, mac. 3^-98, si. 1.

92 u; body 50 u.

3 . Shale at base of Neva limestone, mac. 3689 , si. J.
88 x 60 u; body 5 ^ x 52 u.

^

through 8 . Crassispora kosankei.
b.

Shale above Upper Washington limestone, mac. 3^97> si. 1.
u.

5 . Little Washington coal, mac. 3500, si.
6 . Fish Creek coal, mac. 3^-93; si. 1.

9

23* 5b u.

bS u.

7 . Upper Duhkard, Wykert core, mac. 37&7>

si. 3- 51 u.

8 . Salem Point shale, mac. 3888 , si. 7 > ^

u.

through 11.
9.

Cyclogranisporites aureus.

Shale parting, Little Washington coal, mac. 3720, si. 1.
58 u.

10.

Waynesburg B coal, mac. 3830 , si. 1.

55 u; rays very

faint, up to 15 u in length.
11.

Shale above Waynesburg B coal, mac. 3838 , si. 1.

12 through 15*
12.

j6 u.

Cyclogranisporites minutus.

Shale parting, Little Washington coal, mac. 3720, si. 1.
u.
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Figure

13-

Jollytown coal, mac. 3^-96, si. 1.

Three specimens, b2 ,

b 6 and b2 u.

l6

1^.

Stull shale, mac. 3700,

si. 3-

37 u.

15-

Stull shale, mac. 3700,

si. 3*

^

and 17-

u.

Densosporites sp. A.

l6 . Shale above Nineveh coal, mac. 3 6 2 6 , si. 1.

38 u;

cingulum about 8 u.
17-

Maceration and slide same as Fig. 1 6 . bO u.

18 . Densosporites sp. B.

Shale

above Nineveh coal,mac. 3 6 2 6 ,

si. 1 . 56 u; cingulum 6 -8 u.
19. Cristatisporites

sp. Calhoun shale, mac.

3699;s-'-* 3*

Maximum dimension, including ornamentation, 52 u.
20.

Dictyotriletes sp. A.
si. 1.

Shale above Nineveh coal, mac. 3 6 2 6 ,

bO u (excluding reticulae); muri about 1 u wide and

up to 2 u high.
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Explanation of Plate 5
Figure

1

and 2.

Dictyotilium sp. A.

si. 1. "jb u.
3

through 6.

3898 ,

Larsh-Burroakstale, mac.

Fig. 2, 1000 X.

Dictyotriletes muricatus.

3. Shale parting, Waynesburg B coal, mac. 3628 , si. 368 x

u (including muri); body approximately 50 u;

lacunae from 12 -l8 u in width; muri up to 10 u high
and 2 -3 u wide.
Shale parting, Waynesburg B coal, mac. 3828 , si. 1.
Overall 82 u; body 6b u.
5- Little Washington coal, mac. 3719;
6 . Shale parting, Waynesburg B coal,

si. 1. 88 u.
mac. 3828 ,si.

3*

Overall 86 x 70 u.
7 . Dictyotriletes sp. A.

Same specimen as Plate b} fig. 20.

1000 X.
8

and 9 . Endosporites ornatus. Coal in Pony Creek shale,
mac. 3892 , si. 3 *
8 . 98 u; body b6 u.
9 . 98 u; body 38 u.

Note folds from rays.
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Explanation of Plate 6
Figure

1

through

Endosporites ornatus. Coal in PonyCreek

shale, mac. 3692 , si. 31.

112 u; body 56 u.

2.

92 u; body 32 u.

3-

80 u; body 38 u.

U.

u; body k2 u.

5 . Fabasporites molestus.

slide 7 (2).

Little Washington coal, mac. 3500,

Sporangial mass of Fabasporites and what

appears to be fungal mycelia.
6 . Fabasporites sp. Upper Dunkard, Wykert core, mac. 3769j

si. 1 . 22 u.
7

through 9’ Florinites florini.
7- Waynesburg A coal, mac. 372^, si. 1.

5^ u.

8 . Hundred coal, mac. 3^92, si. 79 . Pierson Point shale, mac. 369 ^

si. k. U8 x

k2 u; body

(or lack of it) 28 u.
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Explanation of Plate 7
Figure

1

and 2. Florinites
1.

mediapudens.

Washington coal., mac. 3^98, si. 7*

60 u; body approxi

mately 23 u.
2.

Havensville shale, mac. 3 ^ k , sl. l-A-7-

k6 x 40 uj

body 2 k u, folded.
3

through 5•
3-

Florinites pumicosus.

Jollytown coal, mac. 3^-96, sl. 3*
68 x 56 uj rays up to 20 u.

12^- x 9k u; body about

Rote that rays are discern

ible.
1+. Washington "Rider" coal, mac. 3727.? sl. 1.

110 x 8 ^ uj

body (very faint) 58 x 58 u.
5-

Shale, middle of Upper Washington limestone, mac. 35^-0,
sl. 1 . 100 u.

6 . Florinites similis.

lh-6 u; body 7^ u.

Waynesburg A coal,

mac. 372^, sl. 1.

Note granulate body.Edge of specimen

has been clipped in photographic processing.
7

and 8 . Florinites visendus.

Upper Dunkard,

Wykert core,

mac. 3 7 7 9 , sl. 6 .
7-

18^-u.

Magnification about 385

X.

8.

15^ u.

Magnification about 385

X.
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Explanation of Plate 8
Figure

1 and 2.
1.

Florinites similis.

Shale middle of Upper Washington limestone, mac. 35^+0,
sl. 1.

128 u; body 6k u.
132 uj body 65

2. Dunkard coal, mac. 3^9^ sl* 1*
3 and k.

Genus A.

u.

Washington "Rider" coal.

3 . Mac. 3726, sl. 1.

76 u. Magnification about1000 X.

1. Mac. 3727, sl. 1. 100 u.
5 through 75.

Genus B.

Upper Dunkard, Wykert core, mac. 3779.) sl. 6 . 96 uj
cingulum 6 -1 0 uj rays up to U0 u.

6.

Stull shale, mac.3700, sl. 3*

7.

Salem Point shale, mac. 3688 , sl. 11. 62 u.

8 and 9-

sl. 1.

Genus G.

66 u.

Upper Dunkard, Wykert core, mac. 3781,

Body about 38

uj saccus up to12 u beyond body.

Magnification of Fig. 9 Is about 1000

X.
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Explanation of Plate 9
Figure

1.

Genus D. Salem Point
b2 x bb u.

2.

shale., mac. 3688,

Note inner body.

Genus E. Havensville

sl. 1.

56 uj body

Magnification about 1000 X.

shale, mac. 368 U,

sl. l-A-7* Body

32 x 32 u; laesurae up to l^t- uj saccus 5b u.

Saccus partly

broken off.
3-

Genus G. Havensville

shale, mac. 3 6 8 U,

sl. l-A-7 . 58 uj

cingulum 8 uj laesurae 16 u.
b

through 10.

Gillespieisporites venustus.

h. Jollytown coal, mac. 3^96, sl. 1.

6b u.

5- Jollytown coal, mac. 3^96, sl-

68 x 66

u; laesurae

6b x 6 l

uj laesurae

22 u.
6 . Jollytown coal, mac. 3^96; sl. b.

22 u.

Proximal focus.

7- Same specimen as Fig. 6; distal focus.
8 . Upper Dunkard, Wykert core, mac. 3770; sl.

5- Note

extreme development of ornamentation.
9.

Jollytown coal, mac. 3^96, sl. 1.

52 u.

This specimen

is typical of those which show almost no ornamentation
other than proximal.

Note that one corner is slightly

thickened.
10. Upper Dunkard, Wykert core, mac. 3787; sl.

1.

62 u.

Has strongly developed "Triquitrites" corners, smooth
proximal face, and heavily ornamented distal face.
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Figure
11

and 12.

Gillespieisporites sp. A.

36Qk,
11.
12.

1-A-b.

sl.

x 3^ u.

b6

b6

x

Havensville shale., mac.

Cristae concentrated on distal surface.

u; laesurae up t o 18 u.

This is the largest

specimen assignable to this species that has been
observed.
13

Granulat isporites c f . adnato i d e s .

13-

Salem Point shale, mac.

1^.

Wymore shale, mac.

16
15.

16.

Blue Rapids shale, mac.

and

18.

b2

x

b2

u; rays up to

363^

sl*

^

3^7^,

sl. 1-A-l.

rays up to

39 u.

Granulat isporite s c f . m i n u t u s .
Coal in P o n y Creek shale, mac.

3^92,

sl.

3*

Fig. 17, magnification 1000 X.

Shale middle of Upper Washington limestone, mac. 35^0,
sl. 1.

20.

sl. 1.

u.

u.

22 u.

19.

b6

sl. 11.

u.

through 20.
17

3688,

3683,

Waynesburg B coal, mac.

lb

17

16.

through

22 u.

Havensville shale, mac.

368^,

sl. l-A-7-

22 u.

Magnification 1000 X.
21

through
21

2 b.

an d 22.

Granulatisporites cf. p i r o f o r m i s .
Shale, middle of Upper Washington limestone,
mac. 35^0,

21.

30 u.

22.

3b

u.

sl. 1.

Laesurae up to l6 u.
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Figure
2 3 . Hundred coal, mac. 3^92, sl. 7*

2^.

Shale, middle of Upper Washington limestone, mac. 35^0,
sl. 1.

25.

32 u.

36 u.

Hamiapollenites sp. A.
3769 ^ sl. 1.

Upper Dunkard, Wykert core, mac.

Overall k6 x 28 u (unusually small); sacci

1^ u at base and 1^ u in longitudinal axis; tube cell
28 x 28 u.

Has 8 distinct, tapered ribs.
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Explanation of Plate 10
Figure
1.

Hamiapollenites tractiferinus. Wellington shale, mac. 3687*
sl. 1 . 86 x b$ u overall; body b$ x b2; sacci ^0 u in
transverse axis.

2

through J.

Hamiapollenites sp. A.

2. Upper Dunkard, Wykert core., mac. 37^9> sl. 5-

Overall

57 x b2 u; tube cell b2 x 32 u; sacci each 28 u -wide

and 18 u long (longitudinal axis).

6 distinct ribs.,

each up to 8 u wide.
3- Shale, middle of Upper Washington limestone, mac. 35^+0,
sl. 1.

Specimen has 10 proximal ribs and 1 prominent

transverse rib; it may have 2 additional, extremely
faint transverse ribs or these may be weak folds.
Body

(transverse axis) x 38 u (longitudinal axis).

Sacci 30 (t-a) X 8 and 10 u (l-a).

Sacci roots about

22 u wide.

b. Hostetter coal, mac. 2979* sl. 1.

58 u.

5 . Upper Dunkard, Wykert core, mac. 3782, sl. 5*
36 u; body 36 x 30 u.

bS x

Sacci very small, about 8 u in

1-a and about 1^ u in t-a.
6 . Upper Dunkard, Wykert core, mac. 3779^ sl. 6 .

folded double, originally about 60 u.
body l8 u and are 22 u wide (t-a).

Specimen

Sacci extend from

The specimen has 10

distinct ribs (plus ribs forming sides of spore).

Ribs

2-b u wide.
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Figure
7-

Upper Dunkard, Wykert core,mac. 3781, sl. 1.
that ribsextend onto sacci

8.

(3 do so, 2 prominently).

Incertae sedis. Little Washington coal, mac. 3719;
sl. 1.

9-

Note

98 x kO u.

Indospora stewarti. Havensville shale, mac. 388 k, sl.
l-A-7 . 30 u.

10

through
10

12.

12. Laevigatosporites desmoinesensis.

and 11.

Waynesburg A coal.

10. Mac.

3722, sl. 1. 8 k x 3k u; suture 36 u.

11. Mac.

372k, sl. 1. 82 x ^5 uj suture k5 u.

Nodaway coal, mac. 3880 , sl. 3-

70 x 38 u;

suture kO u.
13

through
13.

1 5 . Laevigatosporites dunkardensis.

Shale parting, Dunkard coal, mac. 3709, sl. 1.
81 x 5k uj suture 32 u.
78 u. .

Ik.

Waynesburg A coal, mac. 3722, sl. 1.

15.

Upper Dunkard, Wykert core, mac. 3787, sl. 1.
69 u.

16

through

1 8 . Laevigatosporites medius.

16 . Little Washington coal, mac. 3721, sl. 1., 39 x 27
suture 20 u.
17.

Little Washington coal, mac. 3500, sl. 2 3 . 38 u.

18.

Upper Dunkard, Wykert core, mac. 3779; sl. 6.
kO x 32 uj suture 20 u.
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Figure
19

and 20.
19.

Laevigatosporites minimus.

Upper Dunkard., Wykert core, mac. 3787^ sl. 1.
28 x 25 uj suture 16 u.

20.

Waynesburg B coal, mac. 363^.,sl.

1. 32 x 26 uj

suture 12 u.
21

through 2k.

Laevigatosporites ovalis.

21. 23 and 2k.

Little Washington coal, mac. 3500.

21. Sl. k.

22.
25

2 3 . Sl. 2 3 .

60 x 1-8 u; suture kQ u.

2k. Sl. 2 3 .

60 x k2 u; suture 32 u.

Hundred coal, mac. 3^92, sl. J.

and 26.
25.

U8 u (small); suture 30 u.

58 u; suture 33 u.

Laevigatosporites perminutus.
Silver Lake shale, mac. 3695.?sl.

26.Coal in Pony Creek shale, mac. 3692 ,

3- 16 x 12 u.
sl. 3-

15 u;

suture 8 u.
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Explanation of Plate 11
Figure
1. Laevigatosporites robustus. Little Washington coal, mac.
3500 , sl. 7 *

10 ^ x 76 u; suture about 65-70 (split open

a little).
2

and 3* Laevigatosporites vulgaris. Little Washington
coal, mac. 3500 .

U

66 uj suture k-6 u.

2.

Sl. 3»

3.

Sl. 2 3 . 78 u.

and 5- Laevigatosporites sp. A
It. Little Washington coal, mac. 3719; sl. 1.

106 uj suture

70 u.

5- Washington coal, mac. 3^98; sl. 7*
6

through 9*

96 x 82 u.

Leiotriletes adnatus.

6 and 7 . Upper Dunkard, Wykert core.
6 . Mac. 3781, sl. 1. 38

u.

7 . Mac. 3782, sl. 5- ^2

u.

8 . Little Washington coal, mac. 3719; sl. 1.

9*

Waynesburg A coal, mac. 3725; sl. 1.

3^- u.

32 uj laesurae

to 12 u.
10

through 13 . Leiotriletes gulaferus.
10.

Washington coal, mac. 3^98, sl. 7*

32 u.

11.

Washington A coal, mac. 3^91; sl. 1.

12.

Upper Dunkard, Lemasters core, mac. 3753; sl. 1.

13«

Jollytown coal, mac. 3^96, sl. 1.

36 u.

31 u.

u.
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Figure
l4

through 17-

Leiotriletes parvus.

l4.

Upper Dunkard, Wykert core, mac. 3782, si. 4.

15-

Hundred coal, mac. 3492, si. 7-

l6.

Waynesburg B coal, mac. 3^30, si. 1. 22 u.

17-

Larsh-Burroak shale, mac. 3898 , si. 1.

24 u.

28 u.

28 u; laesurae

8 u.
18. Leiotriletes

Silver Lake shale, mac. 3696 , si.3-

sp. A.

18 u; laesurae about 8 u.
1 9 . Leiotriletes

sp. B.

Shale, middle of Upper Washington

limestone, mac. 3540, si. 1 . 60 u.
20.

Leiotriletes adnatus. Shale, middle of Upper Washington
limestone, mac. 3540, si. 1 . 40 u.

21. Leiotriletes

Salem Point shale, mac. 3888 , si. 11.

sp. C.

54 u; laesurae to 20 u.
22

through 2k.

Leiotriletes sp. D.

22.

Upper Dunkard, Wykert core, mac. 37^7^ si. 3*

23.

Shale above Hineveh coal, mac. 3826 , si. 1.

38 u.

32 u;

rays to 18 u.
2k.

Upper Dunkard, Lemasters core, mac. 3753> si. 1.

40 u

laesurae 1 7 -2 0 u.
2 5 . Limitisporites sp. A.

Eavensville shale, mac. 3884, si.

l-A-7 . 52 x 34 uj sacci maximum 34 x 20 u (34 in trans
verse axis); body 32 x 28 u (32 in t-a); suture (open) 15
26

and 2 7 . Lophotriletes commissuralis. Waynesburg B coal,
mac. 3630 , si. 1.

20 u.

Fig. 27, magnification 1000 X.
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Explanation of Plate 12
Figure
1.

Lophotriletes cf. g i b b o s u s .

36

si. 32

3&97>>

u.

through 5*
2.

Silver Lake shale, mac.

Lophotriletes mierosaetosus (?).

Little Washington coal, mac.

3719:

kO

si. 1.

u;

blunt cones approximately 2 u high; laesurae u p to
20 u in length.

3.

Washington A coal, mac. 3^91> si. 1.

^5 u; projections

about 2 u h igh an d wide; laesurae up to

b. Cassville shale, mac. 3b&9} si. 1.

5*
6

in

Coal

through 9•
6.

P o n y Creek shale, mac.

18

u.

30 u.

3^92,

3*

3^ u.

si. 1.

^-0 u.

si.

Lycospora microgranulata (?).

Shale above Wineveh coal, mac.

3626,

The

species assignment of this specimen is seriously
questioned.
7

a nd 8.

Shale at top of Blue Eapids shale,

mac.

3678,

si. 3-A-l.

9.

7-

30 u.

8.

30

u.

Havensville shale, mac.

368U,

si. l-A-7-

30 u; flange

about ^ u; b ody 18-24 u; laesurae m a x i m u m 10 u.

Magni

fication 1000 X.
10.

Lycospora

3628,

sp. A.

si. 3-

28

Shale parting, Waynesburg B coal,

mac.

u; flange 4 u.
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Figure
11. Lycospora sp. B.

Little Washington coal, mac. 3719; si. 1.

ko u; cingulum 6 u wide and densely granulate.

Laesurae

extend to edge of body.
12

and 1312.

Lycospora sp. C.

Shale above Nineveh coal, mac. 3 6 2 6 , si. 1.

58 u;

cingulum about h u wide.
13.

Havensville shale, mac. 3684, si. l-A-7 . 45 uj
cingulum narrow, 2 u wide.

l4

through l6 . Lycospora (?) sp. D.

Black shale of Eiss

limestone, mac. 3 6 8 6 , si. 2-A-7*

32 u; cingulum about

3 u wide,- distal "ring" 6 u wide.

Figs. 15 and l6 ,

magnification 1000 X.

17*

15.

Proximal focus on laesurae.

16 .

Distal focus on "ring".

Lycospora sp. E.

Havensville shale, mac. 3684, si. l-A-4.

40 x k2 uj laesurae about 10 u.
2-3 u wide surrounds body.

Prominent crassitudo about

Flange 4-5 u wide.

Cingulum

faded out in photograph but position discernible by spinelike extensions which extend into and across flange.
l8

through 21.
18.

Microret iculati sporite s sulcatus.

Waynesburg B coal, mac. 363 0 , si. 1. 42 x 36 uj
rays 2 1 u, l4 u, and l4 u.

19.

Little Washington coal, mac. 3719 ^ si. 1.

38 u.

20

and 21.

1. 32 x

32 u.

Havensville shale, mac. 3684, si.

Magnification of Fig. 20 is 1000 X.
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Figure
22

and 23.

Nuskoisporites sp. A.

Havensville shale, mac.

3684, si. l-A-7.
2 2 . 82 u; body 54 uj laesurae 18 uj limbus 4-6 u wide.
2 3 . 74 x 74 uj body 44 x 48 uj laesurae about 18 uj

limbus 8-10 u wide.

Area of saccus between limbus

and body is 6 -8 u wide.
24

and 2 5 . Pityosporites westphalensis.
24.

Waynesburg A coal, mac. 3722, si. 1.

50 u (including

sacci).
25.

26.

Upper Dunkard, Wykert core, mac. 3782, si. 4.

Pityosporites sp. A.

46 u.

Wymore shale, mac. 3683 , si. 1.

80 x 45 (including sacci).
2 7 . Pityosporites sp. A (?).

Wellington shale, mac. 3682 ,

si. 5 * 74 uj body 52 x 36 uj sacci 36 x 25 u (36

in

transverse axis).
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Explanation of Plate 13
Figure
1

and 2.

Megaspore Genus A.

Silver Lake shale, mac. 3<$95>

si. 1.
1.

bbO u; flange up to 28 u opposite rays, minimum of
6 u between rays.

to lbO u long.

Laesurae only about 2 u wide, up

Scattered projections up to lb u high

and about 8-12 u wide at base.

A slightly thickened

arcuate ridge, about 20 u wide, surrounds the spore.
Note prominent folds and/or thickenings parallel to
the rays.
2.

Magnification about 160 X.

Same specimen as Fig. 1.

Shows mammillate processes

at end of ray in upper left of Fig. 1.

Magnification

1000 X.
3. Megaspore Genus B.
70b u.

Silver Lake shale, mac. 3^95? si. 1.

Magnification about l60 X.

b. Megaspore (?) Genus C.

Silver lake shale, mac. 3^95j

si. 3-

Specimen is a fragment.

long.

Magnification about 65 X.

The fragment is 896 u
See Plate lb, figs. 1

and 2 .
5 . Pityosporites sp. A.

Washington coal, mac. 3b98, si. 7-

80 u; body 52 x b2 uj sacci bb x 28 u.
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37^
Explanation of Plate 1^
Figure
1

and 2. Megaspore (?) Genus C.
3695j si. 3surface.

Silver Lake shale, mac.

Shows "tenpin" projections and pitted

"Tenpins" are mostly about 85 u long (up to

100 u) and are up to about kQ u at base.
top of projections, about 10-15 u.

"Ball" at

Magnification of

Fig. 1, about l60 X.
3.

Pityosporites sp. A. Washington coal, mac. 3^-98, si. 7*

Ik

Pityosporites sp. C. Larsh-Burroak shale, mac. 3698 ,
si. 1 . 68 uj sacci up to kk x 30 u (maximum in trans
verse axis); body 38 x 3 ^- u (maximum in t-a).

5-

Pityosporites sp. D. Shale at base of Neva limestone,
mac. 3689 , si. 7*Sacci 26 x 18 u and

2k x 22 u (widest

in transverse axis); body 22 x 22 u.
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Explanation of Plate 15
Figure
1

through b.

Pityosporites sp. E.

3682 , si. 5-

Wellington shale, mac.

Magnification 1000 X for Figs. 2, 3 and

1 . 29 u; body it x 12 u (l1! in transverse axis); sacci
20 x I*)-.

2.

Same specimen as Fig. 1.

3-

Body 18 x it u (l8 in longitudinal axis); sacci 20 x l8 .

b.

36 u; sacci 28 x 16 u (28 in longitudinal axis); body

l6 x 20 u (20 in transverse axis).
5 . Pityosporites sp. F.

Wymore shale, mac. 3683 , si. 1.

Body

20 u and surrounded by thickened area on sacci (30 u wide

"ring"); sacci tt x 33 u (Mr in transverse axis).
7^ x W
6

and 7*

Overall

u.
Potonieisporites elegans. Magnification about 390.

6 . Hostetter coal, mac. 2979; si. 1.

Saccus 160 x 117 u;

body 100 x 58 u; suture about 80 u.
7 . Jollytcwn coal, mac. 3^-96, si. 3*

Saccus 170 x ll8 u;

body 9k x 76 u; suture about 36 u (barely visible).
8

through 10.

Potonieisporites novicus. Jollytown coal, mac.

3^96.
8.

SI. 12.

9-

SI. 3-

Saccus 92 u; body 63 u.
Saccus ll8 x 100 u; body 86 x 80 u; suture 58 u.

Saccus partly torn away.
10. SI. 6 . Original size (saccus partly torn away) about
155 x lt-0 u; body 90 x 90 u; suture b2 u. Magnification
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Figure
about 390 X.

11.

Potonieisporites simplex. Wellington shale, mac. 3682 ,
si. 5 . 108 x 88 u; body 60 x 60 u; suture 35 u.
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Explanation of Plate l6

Figure
1

and 2.

Potonieisporites simplex. Wellington shale, mac.

3682 , si. 5 .
1 . 126 x 108 u; body 72 x 56 u; suture not distinct,

about 40 u.
2 . 85 x 62 u; central body indistinct, about 45 u; suture

about 32 u.
3

and 4. Potonieisporites sp. B. Havensville shale, mac.
3684, si. l-A-4.
3 . 102 x 82 u; body 50 x 56 u (56 in longitudinal axis);

suture 25 u.
4.
5

86 x 68 u; tube cell 56 x 48 u; suture 20 u.

through 7*

Genus H.

Waynesburg A coal, mac. 372 5, si. 1.

5 . 66 u excluding projections; projections 2-4 u high and

covered by a thin, laevigate membrane.

laesurae up to

22 u in length.
6 . 58 u.

Membrane not present, may have been stripped

away during maceration process.
7 - 65 u excluding projections; projections 2-4 u high and

up to 8 u wide.

Laesurae up to 20 u.

8 . Proprisporites (?)sp. A.

si. 1-A-l.

Body 42 u; laesurae up to 17 u.

on perisporiate membrane.
$

Blue Rapids shale, mac. 3676 ,
Wote folds

Magnification 1000 X.

through 12. Protohaploxypinus sp. B.

Figs. 9 and 10,

Havensville shale, mac. 3684, si. l-A-7*
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Figure
9-

70 u; 8 ribs.

10.

56 u (shortened by folding); 9 ribs.

11.

Shale above Upper Washington limestone, mac. 3^97}
si. 1.

38 x 27 u; body 2k x 2k u; has 7 ^ 8

(not distinct).
12.

ribs

This is an unusually small specimen.

Shale parting, Dunkard coal, mac. 3709> si. 2.

58 u;

body 38 x 3^ (38 in transverse axis); sacci width
(transverse axis) 32 u; has 9 distinct ribs.
13-

Protohaploxypinus sp. A.
si. 1.

Waynesburg A coal, mac. 3725>

Body bk x W u; sacci maximum width 22 u (trans

verse axis); about 1^ ribs, 3-^ u wide.
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Explanation of Plate 17

Figure
1

through 6 . Protohaploxypinus sp. A.
1.

Jollytown coal, mac. 3^+98 , si. 1.

80 x 52 u; body

18 x 11 u; l6 ribs, 2 - 3 u wide.
2.

Shale above Dunkard coal, mac. 3711; si. 1.

5l u

in transverse axis; specimen folded over sandwich
style; 12 ribs, up to 5 u wide.
3.

Salem Point shale, mac. 3 6 8 8 , si. 11.

82 x 52 u;

ll ribs.
1. Havensville shale, mac. 3881, si. l-A-7*

Overall

length 5 l u; body 30 x 28 u (3 0

in t-a); sacci maxi

mum 2 ! x 3 l (2 l in 1 -a); has 11

or 12 ribs.

5- Wymore shale, mac. 3 8 8 3 , si. 1.

Body about 10 u;

sacci about 2 0 u (length); has about ll ribs.
6.

Wellington shale, mac. 3 8 8 2 , si. 5-

82 x 10 u; body

38 x 38 u; about 12 ribs, 2 u wide each.

7

through 10.
7.

Punetatisporites breviornatus.

Jollytown coal, mac. 3701, si. 1.

59 u; laesurae up

to 2 2 u.
8.

Lunkard coal, mac. 3 I9 I; si* 1 * 86 u; laesurae
indistinct, about 10 u long.

9.

Little Washington coal, mac. 3721, si. 1.

60 u; rays

unequal, 6 , 10 and 26 u in length.
10. Little Washington coal, mac. 3719.; si* 1*

58 u.
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Figure
11

through 1 3 - Punctatisporites minutus.
and 1 3 . Havensville shale, mac. 3 8 8 k, si. l-A-7-

11

11.

Magnification 1000 X.

13.

32 uj laesurae 8 u.

Pierson Point shale, mac. 389 k, si. 3*

12.
lk.

Punctatisporites obesus.
si. 1-A-l.

15

20 u; rays k -6 u.

Easly Creek shale, mac. 3 8 8 5 ,

92 u.

through 1 7 . Punctatisporites obliquus.
15.

Shale, middle of Upper Washington limestone, mac.
35 kO, si. 1 .

30 u.

16 . Little Washington coal, mac. 3719.; si. 1 . 38 uj rays
up to 12 u.
17.

Havensville shale, mac. 388 k, si. 1-A-k.

3k u; rays

up to l8 u.
18

and 19-

Punctatisporites parvipunctatus.

18.

Waynesburg B coal, mac. 3832, si. 1.

19-

Jollytown coal, mac. 3^98, si. 1.

3^- u; rays 10 u.

Sporangial mass.

Individuals average about 32 u; rays about 10 u.
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Explanation of Plate l8
Figure
1.

Punctatisporites sp. B. Wellington shale, mac. 3682, si.
5.

2.

it8 uj laesurae 10-12 u.

Punctatisporites (?) sp. C. Wellington shale, mac. 3682 ,
si. 5*

60

5^ u; rays to 30 u.

Prominent folds along

rays.
3

through 6.

Punctatosporites minutus.

3.

Little Washington coal, mac. 3500, si. 2 3 . 26 u.

t.

Upper Dunkard, Wykert core, mac. 3768, si. 6. 28 u.

5

and 6 . Blue Rapids shale, mac. 3677; si. 2-A-l.
28 x 20 u. Magnification of Fig.

7 . Raistrickia aculeata.

6 is 1000 X.

Shale parting, Little Washington coal,

mac. 3720 , si. 1 . 68 u (excluding projections).
8

through 11.

Raistrickia diversa. Jollytown coal, mac. 3^96.

8.

SI. 1.

70 u.

9.

si. 6 .

65 u.

10.

Sl. 1.

76 u.

Segmented projections up to 18 u longj

laesurae up to 26 u.
11.
12

SI. 12.

Hote punctate exine.

80 u.

through 1^-- Raistrickia saetosa.
12.

Wayneshurg B coal,

mac. 3631, sl. 1.

65 uj baculae

up to 8 u long.
1 3 . Fish Creek coal, nac. 3^93; sl. 1.

lb.

Waynesburg A coal,

mac. 3725; sl. 1.

6 0 uj rays to 21 u.

6b u.

Projections

up to lb u long and much reduced on proximal surface.
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Figure
15.

Raistrickia superba. Shale parting, Waynesburg B coal,
mac. 3628 , sl. 1 . 58 u; projections up to 8 u high, 5 u
vide.

Rays reach to, or nearly to, equator.
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Explanation of Plate 19
Figure
1

3

and 2.

Schopfipollenites varius. Jollytown coal, mac. 3^9^

1. Sl. 3-

178 x 113 u overall.

2. Sl. 1.

128 x 10U u; suture 70 u.

Striatoabietites sp. A.Wellington shale, mac. 3882

and k.
sl. 5-

Magnification about 390 X.

Magnification 1000 X.

3 . 66 x 32 u; body 3 ^ x 32 u; has at least l^ ribs,

each

less than 2 u wide; sacci about lU x 18 u (lU in 1 -a).
62 x 32 u; body 32 x 30 u (30 in 1 -a); about 12 ribs,

each about 2 u wide; two transverse folds on body,
each about U u wide; sacci about 27 x 27 u.
5

and 6 .

Striatopodocarpites sp.A.

5- Little Washington coal, mac.
56 x

3500, sl. 7-

89 u; body

u (56 in transverse axis); sacci 60 x b-2u.

Tube cell has 11 distinct ribs.
6 . Waynesburg A coal, mac. 3725> sl. 1.

62 x ^0 u; sacci

about ^4-0 x 30 u.
7 . Striatopodocarpites sp. B.

l-A-3-

Calhoun shale, mac. 3699j? sl.

112 x 82 u; body 66 x 7^ u; has 1^ ribs.

Note two

prominent transverse folds on body.
8 . Striatopodocarpites sp. C.

sl. l-A-7.

Eavensville shale, mac. 3682,

72 u; body b2 x 38 (b2 in 1-a); 12 ribs, each

about 2 u or a little more in width; sacci 30 x b6 u
(h-6 in t-a).

9

through 11.

Striomonosaccites sp. A.
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Figure
9. Pierson Point shale, mac.

sl. b.

^2 x 38 u; 3

more or less longitudinal fissures on body.
10 . Dunkard coal, mac. 3b^b, sl. 1 .

60 x 52 u; body has

8 broad ribs up to 8 u wide.

11. Shale above Dunkard coal, me. 3711, sl. 6 . 50 x 50 u;
body 38 x 30 u (36 in transverse axis); 6 ribs, each
about 5 u wide; several transverse folds across body
and folds of saccus partly cover body.
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Explanation of Plate 20
Figure

1. Striatopodocarpites sp. D. Wellington shale, mac. 3682,
si. 5 . 80 x 5b u; body 56 x b6 u; sacci about 5 b x 38 u;
has about 12 ribs (some indistinct).
2. Taeniaesporites sp. A. Wellington shale, mac. 3682 , si. 5*
80 u; body bO x 3b u; sacci b6 x 36 u; has b broad ribs,
each b -8 u wide.
3

through 7*

Thymospora pseudothiessenii.

3 and 5 . Upper Dunkard, Lemasters core, mac. 3753> si. 1.
3 . 28 x 22 u.
5 - 28 x 22 u; suture about 15 u.

b, 6 and 7-

Upper Dunkard, Wykert core,

b. Mac. 3782, si. 5* 29 u.
6 . Mac. 3787, si. 1. bO x 22

u.

7 . Mac. 3769^ si. 1. Two spores, 36 and 38 u.
8

through 10.
8

Thymospora thiessenii.

and 10.

Upper Dunkard, Wykert core, mac. 3787.> si. 1.

8 . 22 x 16 u.

10.
9«

22 u-

Note extreme development of ornamentation.

Upper Dunkard, Lemasters core, mac. 3753, si. 1.

Good

proximal view; suture 16 u; spore body 22 x 18 u;
ornamentation about 2 u high.
11. Thymospora sp. A.

Little Washington coal, mac. 3500; si. 23-

2 b u.

12

and 13*

Trie idarisporites elegans.
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Figure

12.

Upper Dunkard, Lemasters core, mac. 3762, si. 1.

67 u

(excluding ornamentation); verrucae up to 4 u long.
13.

Silver Lake shale, mac. 3696 , si. 3*

64 u.

Note

perfect longitudinal compression.
14-

through 1 8 . Triquitrites minutus.
14-

and15• Shale parting, Waynesburg B coal, mac. 3628 ,
si. 1.

Magnification 1000 X.

14. 22 u; laesurae 8 -9 u.
1 5 . 22 u; laesurae
16.

17

6 -7 u.

Shale above Nineveh coal, mac. 3626 , si. 1.
and 1 8 . Havensville shale, mac. 3684.

26 u.

Magnification

1000 X.
17. SI. 1-A-4-.

20 u.

1 8 . SI. l-A-7-

18 u.

1 9 . Triquitrites cf. tribullatus.

Upper Dunkard, Wykert core,

.mac. 3779 , si. 6 . 58 rrj rays reach to auriculae.
20.

Triquitrites sp. A.

Havensville shale, mac. 3684-, si.

l-A-7. 28 u; large, thick lips up to 3 u wide; rays extend
to auriculae. Magnification 1000 X.
21

23

and 22.

Tuberculat 0 sporites spinoplicatus. Waynesburg A coal.

21.

Mac. 3722, si. 1. 124- x 88 u.

22.

Mac. 3724-, si. 1. 108 x 100 u.

Magnification 390 X.

and 24-. Verrucosisporites donarii.
2 3 . Little Washington coal, mac. 3719> si. 1.

38 u

(unusually small specimen).
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Figure
2h.

Shale parting, Waynesburg B coal.

Mac. 3^28, si. 1.

7b u.
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Explanation of Plate 21
Figure

1.

Tuberculatosporites spinoplicatus. Waynesburg A coal, mac.
3724, si. 1 . 118 x 8 7 u.

2.

Verrucosisporites donarii.

Shale parting, Little Washington

coal, mac. 3 7 2 0 , si. 1 . 66 u .
3

and 4.

Verrucosisporites microtuberosus.

3- Little Washington coal, mac. 3719.; si. 1.
4. Shale parting, Waynesburg B coal, mac.

66 u.

3 6 2 8 , si. 1.

7 0 u; laesurae 1 5 -1 6 u.
5 . Verrucosisporites sifati.
3 7 2 7 ; si. 1 .
6

and 7*
6.

Washington "Rider" coal, mac.

100 u.

Verrucosisporites verrucosus.

Washington coal, mac. 3498, si. 6 . 80 u; rays up to
20 u; verrucae up to 5 a in width and are about 2 u

in height.
7.

Shale parting, Little Washington coal, mac. 3720,
si. 1 . 80 u.

8

through 10.

Verrucosisporites sp. A.

8 . Little Washington coal, mac. 3719; si.

1.

30 u;

laesurae up to 10 u; verrucae only 1 -1 .5 u high.
9-

Shale below Waynesburg B coal, mac. 3637; sl* 1*

^

(excluding ornamentation); verrucae about 2 u high or
less.
10. Shale above Slineveh coal, mac. 3 6 2 6 , sl. 1.

44 u;

verrucae less than 2 u high.
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Figure

11

and 12.

Verrucosisporites sp. B.

core, mac. 3762 , sl. 1.

Upper Dunkard., Lemasters

b6 u; dense verrucae form a pseudo-

eingulum; verrucae up to about

u high; laesuraeprominent,

extend to equator of "body", up to 22 u long.

13

11.

High focus to show verrucae.

12.

Focused to show rays and pseudocingulum.

through 17.

Vesicaspora wilsonii.

13-

Salem Point shale, mac. 3638, sl. 11.

lb.

Upper Dunkard, Wykert core, mac.

62 u.
sl. 6. 52 x 38 u;

body 28 x 27 u.
15.

Shale parting, Dunkard coal, mac. 3709> sl. 1.

bQ x 29

u; body maximum 26 u.
16 . Wellington shale, mac. 3682 , sl. 5-

5^ x 33 U-j body

22 x 26 u (26 in longitudinal axis).

17.

Hundred coal, mac. 3^-92, sl. 7 - to x 30 u; body 20 x 18
u (20 in 1 -a).
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Explanation of Plate 22
Figure

1

through. 5 • Vesicaspora wilsonii.
1.

Wellington shale, mac. 3 8 8 2 , sl. 5-

2.

Havensville shale, mac. 3 8 8 L, sl. l-A-7-

50 x 38 u;

body 30 x 30 u.
3.

Little Washington coal, mac. 3500, sl. 1 (2).

52 x

36 u.
k.

Upper Dunkard, Wykert core, mac. 3781, sl. 1.

L8 x

36 u.
5-

Washington "Rider" coal, mac. 3727> sl. 1.

58 x k2 u;

body 32 x 26 (3 2 in transverse axis); body "breaking
up" in Complexisporites fashion.
6

and 76.

Vesicaspora sp. A.

Upper Dunkard, Lemasters core, mac. 3757 j sl. 6 .
76 x 62 u.

7*
8

Upper

Dunkard,Wykertcore,mac. 3781,

through 10.

sl. 5-

88 u.

Vittatina costabilis. Wellington shale,

3 6 8 2 , sl. 5 .
8.

62 x U8 u.

9-

58 x 38 u; about

10.

11.

15 ribs, not alldistinct.

50 x UL u.

Vittatina lata. Wellington shale, mac. 3 8 8 2 , sl. 5k2 x U0 u (shortened a little by folding); transverse

fold 10 u wide at maximum.
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Figure

12.

Vittatina irregularis. Upper Dunkard, Wykert core, mac.
3769 * sl. 5*

55 u; ribs 3-^ u wide, at least 2 of which

do not transverse entire length of spore.
13*

Westphalensisporites cf. irregularis. Calhoun shale, mac.
3696 , sl. 3-

ll;

and 15lU.

30 u.

Wilsonites delicatus.

Shale above Dunkard coal, mac. 37H> sl. 6.

100 u;

body 52 u.
15.

Waynesburg A coal, mac. 3725> sl. 1.

12k x 112 u;

body 70 u; laesurae up to 36 u and extend nearly to
edge of body.
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PLATE 22
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kOl
Explanation of Plate 23

Figure

1

and. 2 . Wilsonites delieatus.

1. Pierson Point shale., mac. 369*r, sl* 3* 70 u;
body 36 u.
2.
3.

Washington coal, mac. 3^99; sl. 7 . 7° u; body k2 u.

Wilsonites sp.

Silver Lake shale, mac. 3696 , sl. 3*

50 u; body 30 u.

Saccus

Wo laesurae visible; luminae of saccus

3-^ u.
k.

Potonieisporites sp. A.

Waynesburg A coal, mac. 3725,

sl. 1 . 112 x 88 u; body 58 x 5^ u; suture 18 u; body folded,
finely granulate.
5.

Laevigatosporites dunkardensis. Shale parting, Waynesburg B
coal, mac. 3628 , sl. 1 . 100 x 6 k u; suture 70 u.

6

and 7 . Thymospora sp. A.

Shale parting, Waynesburg B coal,

mac. 3628 , sl. 3 . 20 x 16 u.

Magnification of Fig. 7 is

1000 X.
8

and 9*

Proprisporites (?) sp. A.

8 . Washington "Rider" coal, mac. 3727> sl. 1.

Body k0 u;

transparent perisporiate cover encloses body.

Wote

folds on membraneous cover.
9.

Shale, middle of Upper Washington limestone, mac. 35^-0,
sl. 1.

Body 3^ u.

10. Triquitrites minutus. Shale, middle of Upper Washington
limestone, mac. 35 ^-0 , sl. 1 . 21 u.
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Figure
11.

Genus B.

Shale, middle of Upper Washington limestone.

58 x 44 u overall; eingulum 4 u.

12. Genus F.

Havensville shale, mac. 3684, sl. l-A-7-

hody 32 u; laesurae 10 u.
13. Guthorlisporites sp. A.
3-A-l.

Magnification 1000 X.
70 u;

Magnification 1000 X.

Blue Rapids shale, mac. 3678 , sl.

Saccus 84 u; body 50 u; laesurae 10 u.
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APPENDIX I
NUMERICAL LISTING OF MACERATION NUMBERS
• All West Virginia Geological Survey maceration numbers
used in this report are listed below in numerical order.

Geo

logical section names, as used in this appendix, are listed for
each maceration number to facilitate location of all macerations
either by number, geological section, or depth within the two cores.
Maceration No.
2979
3^89

3^91
3^92
3 U93
3b9k
3^95
3^96

3^97
3U98

Geological Section Name
Hostetter Coal Section
Cassville Shale Section
Roberts Run Section
Hundred Coal and Sandstone Type Section
Littleton Section
Windy Gap Coal Type Section
Town Run Section
Cemetery Hill Section
Washington Coal Type Section

3U99

"

"

"

3500
3539
35 I+O
35^1

Hempfield Cut Section
Vance Quarry Section

3626
3627
3628

Nineveh Coal Section

3629

^^33
263^4*
2^27
3638

"

South Fork of Tenmile Creek Section
”
" ” 11
IT
IT
11

rr

it

11

ir

11

11

11

11

11

ii

11

Ir ,r

11

IT

11

11
11

rr 1T
If ,T

11
"

Tr
”

IT
TI

11
11

IT 11
11 11

IT
"

Ir
IT

11
11

rr

”

11
TI 11 Tr
Roberts Run Section

if

3639
36^0

36^1
367 ^2

^

3676

"
" "
Hundred Coal and Sandstone Type Section
Windy Gap Coal Type Section
tf

It

II

It

IT

Humbolt Creek Section
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Maceration Wo.
3677
3678
3679
3680
3681
3682
3683
368 I+
3685
3686
3687
3688
3689
3690
3691
3692
3693
369 ^
3695
3696
3697
3698
3699
3700

3701
3702

3703

Geological Section Wame

Humbolt Creek Section
West Branch Shale Section
Wodaway Coal Section
Route K-15 Wellington Shale Section
I-70 Wellington Shale Section
Wymore Shale Section
Havensville Shale Section
1-70 Deep Creek Section
I-70 Frontage Road Section
Eiss Limestone Section
333 Mile Marker Section
Virgil-Wolfcamp Boundary Section
"
"
"
"
Pierson Point Shale Section
Silver Lake Shale Section
"
"
"
"
Wodaway Coal Section
Larsh-Burroak Shale Section
Calhoun Shale Section
Stull Shale Section
Lawrence Shale Section
Jollytown Coal Section
"
"
"

3704
3705
3706

3707
3708
3709
37103711
3712
3713
3714
3715
3716
3717
3719

3720
3721
3722

3723

3724

"

"

"

Maple Section
tr

rr

Tf
St. Cloud Section
Gilmore Coal Type Section
St. Cloud Section
Probable Gilmore Coal Section
Worley Section
McCurdyville Section
”

”

3725
3726

Statler Run Section
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Maceration Ho.
3727
3728
3729
3730
3731
3732

37*47

37*1-8
37^9
3750
3751
3752
3753
375*43755
3756
3757
3758
3759
3760

3761
3762

3763
376^
3765
3766
3767
3768
3769
3770
3771
3772
3773
377*4
3775
3776
3777
3778
3779 '
3780
3781
3782
3783
378*4
3785

Geological Section Name
Statler Run Section
Aleppo School Section
Windy Gap West Section
Morford East Section
St. Cloud Section
Arley Lemasters Farm Core
Depth in core (feet)
8.6 - 9-*4
11.05
10.9
12.2
11.8
2b.k
2 5 .6
1 8 .7 - 19-3
3*4-2
33-3
35-6
3*4-2
6 7 .2
67-95
6 7.95 - 6 9 .9
125. *4
1 2 5 .1
-

-

-

-

-

126.2
1 3 0 .1
1 3 0 .6
1 *42.5

1 26.7
1 30.6
- 1 3 2 .1

-

-

1*43-3
- 159-8
- 159-5
158.2
- 171.1
170.5
Yerna Wykert Farm Core
Depth in core (feet)
6 .0
3.0
-

159-5

-

8 .0
3 0 .6

35.05
37.05
38.1
39.0
39-9
*41.5
*43.2
*4*4.0
50.65
6 2 .3
6 5 .2

79.*4
80.*4
8 5 .6

95-0
92.7
106.5
1*4.6
13.85

-

1 0 .0
3 1 .6
3 5 .3
3 7 .3
3 9 .0
3 9 .9

*40.1
*41.8
*4*4.0
*45-0
5 2 .0
6 2 .6

66.14
80.3
8 0 .9
8 7 .1

-

95.25
95-0
107.0

-

1 5 .0

-

1*4.6

-
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Maceration Wo.

Geological Section Wame
Verna Wykert Farm Core
Depth in core (feet)

3786
3787
3788
3789
3790
3791
3792
3793
3794
3795
3796
3797
3798

1 5.0
1 1 1 .0

111.9
1 1 3 -1
1 2 1 .1

12k.9
136.7
138.35
138.8
114.25
114.95
115.7
152.0

1 5 .4 5
- 111.9
- 1 1 3 .1
- lll.l
- 1 2 1 .9
- 1 2 5 .3
- 1 3 7 .9
- 1 3 8 .8
- 1 3 9 -3
- i l l . 95
- 1 1 5 .7
- 1 1 6 .6
-

152.9
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GEOLOGICAL SECTIONS
DUNKARD LOCALITIES
Cassville Shale Section
The lowermost two feet of the Cassville shale (maceration
no. 3^89) was collected from the entrance of an abandoned Waynesburg
coal mine 1,600 feet northeast of Chisler Knob, Osage, West VirginiaPennsylvania 7*5 minute quadrangle, Monongalia County, West Virginia,
on the east side of the secondary road.

The mine entrance is approxi

mately 7*675 feet north of north latitude 39 °3 7 '3 0 " and 8 ,3 2 0 feet
west of west longitude 80 °0 0 '0 0 ".
Numerous fragments of plant fossils are present at this
location.

McCurdyville Section
The Waynesburg A coal was collected along the road O.I85
mile northwest of McCurdy ville in the northeast part of the Grant
Town, West Virginia, 7-5 minute quadrangle (southwest quarter of
Blacksville, West Virginia-Pennsylvania 15 minute quadrangle).

The

locality is described by Hennen and Reger (1913* P* 210).
Thickness
Ft.
In.
Sandstone, massive, Mannington
Shale, sandy
Coal, Waynesburg A
Coal, blocky to shaly, weathered.
Maceration no. 3722.
-.Coal, blocky, more so than above,
weathered. Maceration
no. 3723 .
Coal, blocky, weathered.
Maceration no. 372^-•

5

0
0

0

5

0

5-75

0

8

10
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1*09
Thickness
Ft.
In.
Shale., a parting, grey.
Coal, blocky, somewhat weathered.
Maceration no. 3725Underclay, grey, and concealed interval.
Limestone, Mount Morris

0

1

0
10

9
0

South Fork of Tenmile Creek Section
The Waynesburg B coal and associated strata were collected
285 feet west of Pennsylvania Route 218 on the south side of South

Fork of Tenmile Creek on the south side of Waynesburg, Pennsylvania.
The base of the coal is 31-5 feet above the level of the creek.
Thickness
Ft.
In.
Covered. Limestone and sandstone
float on hill.
Shale, grey to black with thin coaly
streaks and 0.5 inch shaly
coal in base.
Maceration no. 3638 .
Shale, clayey, grey to black.
Maceration no. 3835Coal, Waynesburg B
Coal, blocky. Maceration no. 3833Coal, blocky. Maceration no. 363 ^Shale, a parting, dark grey, clayey.
Maceration no. 3828 .
Coal, blocky. Maceration no. 3829 .
Coal, blocky. Maceration no. 3830 .
Coal, blocky. Maceration no. 3831 *
Coal, blocky, with a 0.125 inch
coaly shale parting at the
top included in the sample.
Maceration no.3832 .
Covered and sandstone.
Shale, sandy to silty, sub-fissle, black.
Maceration no. 3837*
This sample was collected 185
feet east of the above samples
beneath a sandstone overhang.
Shale, sandy.
Covered to creek level.

0

5

0

10

0
0

3*5
b.25

0
0
0
0

5 .5

0
7

2
0

0

2

2.75
3
5.25
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Hempfield Cut Section
The Little Washington coal was collected 200 feet west of
Hempfield trestle over U. S. Route bo in Washington, Pennsylvania.
The section is noted and illustrated by Arkle, 1959 (p- 128, mile
2.6 of road log and p. 135, figure b).

The coal sample was prepared

as maceration no. 3500 .
Worley Section
The Little Washington coal was collected in three samples,
about one-half mile northeast of Worley where West Virginia Route 7
crosses the railroad.

The samples were collected about 17 feet

above the level of the railroad tracks and about 30 feet east of
the railroad along West Virginia Route 7; Clay District, Monongalia
County, West Virginia, northeast portion of the Blacksville 7-5
minute quadrangle (northwest quarter of Blacksville 15 minute quad
rangle).

Reference: Hennen and Reger, 1913* P* 207Thickness
Ft.
In.
Shale, grey, clayey, badly weathered.
Coal, Little Washington
Coal, blocky to shaly.
Maceration no. 3721.
Shale, a parting, dark grey to
black, highly carbonaceous
and clayey.
Maceration no. 3720.
Coal, blocky to shaly.
Maceration no. 3719-

0

6.75

0

b

0

8

Washington Coal Type Section
This section has been measured and recorded by personnel
of the West Virginia Geological Survey as measured section C and A
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29-

Section C and A 29 is located and described as follows: "Sec

tion of Lower Washington Limestone and Washington Coal in West
Washington B.&O. Railroad cut just south of U. S. Route 40, 8 .5
miles northeast of Claysville and 8-75 miles northeast of
Prosperity, Worth Franklin Township, Washington County, Pennsylvania,
Claysville Quadrangle." The section was also recorded by Arkle, 1959*
(p. 128 , mile 1 .9 * stop 2 of road log and p. 135 * figure 3 )*
There are two main benches of coal at this locality, each
of which was collected as a separate sample for the present study.
The upper bench was designated maceration no. 3499* the lower,
maceration no. 3498-

Statler Run Section
This is the type section for the Washington "Rider" coal
as designated by Hennen and Reger (1913* P> 199)*

Their location

is given as ... "near the head of Statler run at the north portal
of an abandoned railroad tunnel, about a mile and a half northwest
of Center (McCurdyville) —

".

The location is about 0.75 mile

east of Sandy as located on the Blacksville, West VirginiaPennsylvania 7*5 minute quadrangle.

The location is somewhat

hidden in the woods, about 600 feet from the old road leading into
a house to the east.

Very little evidence remains of the excava

tions made for the railroad tunnel (never completed), however, a
small ridge of spoil can be seen from the dirt road and anyone
going to the locality should walk up the stream channel just west
of the spoil bank.
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The section is as follows:
Thickness
Ft.
In.
Shale, sandy.
Coal, Washington "Rider"
Coal, shaly to shale, coaly
(mostly the latter).
Maceration no. 3727*
Coal, bony. Maceration no. 3726.
Limestone, Lower Washington
Limestone and shale interbedded.
Shale, grey.
Coal, Washington.

7

0

1
0

^
3

6

9
0

3
2

8

Roberts Run Section
The Washington A coal was collected 1.2 miles northwest
of the West Virginia-Pennsylvania State line along the road
following Roberts Run northwestward from Blacksville, West Virginia.
The total thickness of 8.25 inches of coal, shaly coal and coaly
shale was collected as a single sample and prepared as maceration
no. 31+91.

Town Run Section
This section is designated measured section C and A 12 by
the West Virginia Geological Survey.

It is little more than a

weathered outcrop of the Jollytown coal (9 inches thick) at Jollytown, Pennsylvania.

The location is described in section C and

A 12 as follows: "The base of the Jollytown coal is 2k feet above
the top of the culvert at the mouth of Town Run on the main high
way".

One sample collected at this locality has been assigned

maceration no. 3^9 6 *
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Jollytown Coal Section
This section is considered to be a better section for
utilization as a standard section for the Jollytown coal than is
the Town Run section (see above).

The section is located about

1,900 feet north of the West Virginia-Pennsylvania boundary and
3,650 feet east of west longitude 80°20'00", Wadestown, West
Virginia-Pennsylvania 7*5 minute quadrangle (Mannington 15 minute
quadrangle).

The section is 900 feet southeast of the small bridge

in Jollytown, Pennsylvania over the so-called Town Run (not named
on map), and 2 ,9 0 0 feet southwest of road junction 1 0 0 9 , which is
just east of Eakin Cemetery (place of burial of Ray V. Hennen).
The coal crops in an abandoned road about 30 feet above the floodplain level of Dunkard Creek.

The section can be best reached by

leaving the highway in the sharp curve to the south just east of
Jollytown at an old barn.

Proceed across Dunkard Creek and walk

up the abandoned road to the southwest until about 30 feet above
floodplain level at a curve in the old road.

The now abandoned

road, under discussion here, is shown on the 1923 edition of the
Mannington, West Virginia-Pennsylvania 15 minute quadrangle.
Samples were collected at this locality as follows:
Thickness
Ft.
In.
Clayshale, soft, light grey.
Maceration no. 3706.
Coal, Jollytown
Shale, black, very coaly.
Maceration no. 3705*
Coal, shaly, weathered.
Maceration no. 370^-•

0

6

0

2 .5

0
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Thickness
Ft.
In.
Coal, blocky to shaly; some hard,
bright but mostly weathered.
Maceration no. 3703Coal, mostly hard, blocky; some
shaly; weathered less
than upper samples.
Maceration no. 3702.

Vance Quarry Section
The section is in the Washington Stone Company Quarry,
South Strabane Township, Washington County, Pennsylvania.

It is

described, located and illustrated by Kent and others, 1965 (p36-39)-

The section is located approximately at the intersection

of north latitude ^0°10'00" and west longitude 80°11'U0".

Three

samples were collected at this location as follows: maceration no.
3539, 10 inches of black, calcareous, carbonaceous shale (lowermost
bed of the Greene formation) immediately above the Upper Washington
limestone (upper limestone member of Berryhill and Swanson, 1 9 6 2 );
maceration no. 35^-0, 6 inch dark grey to black shale at approximate
center of Upper Washington limestone; maceration no. 35^1, 9 inch
carbonaceous shale at base of Upper Washington limestone.

Cemetery Hill Section
One sample of dark grey shale (maceration no. 3^97) was
collected from just above the top of the Upper Washington limestone
in this section.

The location is 1,275 feet south of north latitude

Jl-O^O'OO" and 1^690 feet west of west longitude 80°15'00".

It is

across the road from the main entrance to the Washington Cemetery,
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Uorth. Franklin Township, Washington County, Pennsylvania, Washington
West 7 .5 minute quadrangle.

Hundred Coal and Sandstone Type Section
The section is located on the northeast hank of West
Virginia Fork of Fish Creek above U. S. Route 250, 1 .5 miles westnorthwest of Hundred, Wetzel County, West Virginia in the eastern
edge of Clay District (about 100 yards northwest of the eastern
boundary) and 0.25 mile due west of road junction 995, Mannington 15
minute quadrangle.

The section is designated C and A 15 in the West

Virginia Geological Survey files.
The three inch thick coal was collected and designated
maceration no. 3^92.

One foot of light grey, soft shale with

abundant plant remains occurring immediately above the coal was
collected as maceration no. 36 U1 . This shale occurs 10 feet 6
inches below the massive, conspicuous bluff formed by the Hundred
sandstone.

Maple Section
Hennen and Reger (1913, P- 1 6 7 -1 6 9 ) first measured and
described the strata of this section.

The present collections

involved only the Dunkard coal and associated strata as measured
and collected from the bed and bank of White Creek (195®, Wadestown
7 . 5 minute quadrangle) or Brushy Fork (1923, Mannington 15 minute

quadrangle).

The section is located about ^t-,050 feet south of the

West Virginia-Pennsylvania boundary and ^+,650 feet east of west
longitude Q2°22'80" on the Wadestown, West Virginia-Pennsylvania
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7-5 minute quadrangle, Monongalia County, West Virginia.

The area

is marked Maple on the quadrangles and the coal and shale were
collected from the creek bank 330 feet northeast of the barn shown
on the map to be about 700 feet east of the cemetery at Maple.
The following section was measured and collections made
as indicated:
Thickness
Ft.
In.
Covered.
Shale, hackly, hard, Undetermined
thickness.
Shale, grey, hackly, contains many
plant fragments.
Shale, black with coaly streaks.
Collected with next lower unit.
Shale, grey, soft, hackly.
Collected with next higher unit.
Maceration no. 3711 •
Coal, Dnnkard
Coal, hard, shaly to blocky.
Included in maceration
no. 3710 .
Clayshale, soft, black, coaly.
Included in maceration
no. 3709Coal, hard, shaly.
Included in maceration
no. 3710Coal, hard, blocky. Contains
considerable pyrite. With
units as noted above,
maceration no. 3710 .
Shale, grey, soft to hard, in
thin layers. Included in
maceration no. 3709Shale, black, hard, coaly.
Included in maceration
no. 3709Clayshale, soft, grey. With units
as noted above, maceration
no. 3709 Coal, hard, bright, blocky.
Maceration no. 3708.
Shale, black, coaly, soft.

6 .5

0-5
10

2.25
1-25
0-5

1.25
0.5
0.5
5
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Thickness
Ft.
In.
Included in maceration
no. 3707Clayshale, soft, grey to black.
Collected with next higher
unit. Maceration no. 3707Underclay, soft, greenish grey.
Shale, blue-grey, hard, hackly; to
creek bed.

0

0.5

0
0

5
6

3

o

Little Section
Located along the road between Littleton and Sugar Run,
about 0.2 mile uphill from point where road ends in Littleton,
Clay District, Wetzel County, West Virginia, Littleton 15 minute
quadrangle.

This is the type section of the Fish Creek coal

(Hennen, 1909, p* 1^8-150) and is measured section C and A 511 of
the West Virginia Geological Survey.

The Dunkard coal (9 inches

thick) was collected as maceration no. 3 ^9 ^ from this section.
The total Fish Creek coal (about 18 inches of coal and shaly coal)
was collected as maceration no. 3^9 3 *
Roberts Run Section
This section is designated measured section C and A U3
by the West Virginia Geological Survey.

The section extends from

the Gilmore sandstone to the Fish Creek coal, commencing 3-5 miles
south-southeast of Littleton and 11.25 miles northeast of Hastings
and continuing down hill along West Virginia Route 7 to the east to
the fork of Roberts Run, Church District, Wetzel County, West
Virginia, Littleton and Mannington 15 minute quadrangles.

The

"Fish Creek A" coal (Clendening, i960 , p. 107) and associated
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strata have teen collected from this section., 0 .2 5 mile east of the
junction of U. S. Route 250 and West Virginia Route 7 along Route J.
Samples from this section are numbered as follows:
Maceration no. 3&38> first 3 inches of clayshale above the coal.
Maceration no. 3&39J 10 inches of coal, blocky to bony.
Maceration no. 36^-0; top 6 inches of underclay below the coal.

Hostetter Coal Section
This locality is designated measured section C and A 11 by
the West Virginia Geological Survey.

Essentially the total section

is covered and the coal can only be located with considerable digging
The location is about 3-25 miles west of Hundred, Wetzel County, West
Virginia, and 0-75 mile west of road junction 1128 in the middle of
the hill northeast of a bungalow.

The coal collected from this

locality has been assigned maceration no. 2 9 7 9 *

Wineveh Coal Section
This locality has been designated the type locality of the
Nineveh coal and is measured section C and A 515 of the West Virginia
Geological Survey.

The coal is exposed in the bed of a south flowing

tributary of Browns Creek on the Romney Baldwin farm, 0-75 mile eastsoutheast of Nineveh, Pennsylvania; 0-7 mile north of the inter
section (elevation 993) on Browns Creek road (Pennsylvania Route l8 ),
Morris Township, Greene County, Pennsylvania, Rodgersville quadrangle
When the section was visited by the present writer, the
coal was below water level and was not collected.

One sample of

bluish-grey shale, occurring above the coal and containing abundant
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specimens of Weuropteris and fewer specimens of Pecopteris and
AlethopteriS; was collected as maceration no. 3^26 . Maceration
no. 3627 is a sample of light grey shale containing abundant
plant fragments and two 0.125 inch zones of coaly shale.

This

sample was collected 2 feet above the previous sample.

St. Cloud Section
Hennen and Reger (l913> P- 91“9^0 describe this surface
section and show its relationship to the subsurface strata of the
Jas. L. White Wo. 1 well, which is located near the base of the
surface section.

The Wineveh coal (8 inches of hard; blocky coal)

and the underlying black shale (2 feet thick) was collected as
maceration nos. 371& and 3715; respectively.

The black shale

contains numerous fossil leaf impressions and compressions.

The

coal and shale is exposed in the drainage ditch along the road
paralleling Brushy Fork about 2700 feet west of west longitude
80°22'30" on the north side of the road; Hundred; West VirginiaPennsylvania; 7*5 minute quadrangle (northwest quarter of Mannington
15 minute quadrangle).

Because of the very poor quality and quantity of the spores
recovered from the above macerations; the black shale was recollected
from deeper in the roadcut and remacerated as maceration no. 3732 .
The results were unchanged.
The Gilmore coal (maceration no. 3712) and overlying shale
(maceration no. 3731) were both collected from the St. Cloud section
at about ^,600 feet south of the West Virginia-Pennsylvania boundary
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and. 4,950 feet west of west longitude 80 °2 2 '3 0 ", l6 feet north of
gas pipeline markers crossing the road.

Both samples were found

barren of palynomorphs.
The Windy Gap coal, 3 inches thick and badly weathered,
(maceration no. 3713 ) was collected from this section along the
edge of the road about 150 feet east of road junction 1499; Battelle
District, Monongalia County, West Virginia, Hundred 7*5 minute quad
rangle .
Aleppo School Section
Eight inches of black, silty shale, coaly in bottom 0.5
inch, was collected from the Wineveh coal horizon near Aleppo,
Aleppo Township, Greene County, Pennsylvania.

The sample was

collected approximately 400 feet northeast of Aleppo School from a
roadcut on the south side of the road about 3;680 feet south of
north latitude 39 °5 0 '0 0 " and 2 ,6 5 0 feet east of west longitude
80°27'30", New Freeport, Pennsylvania 7-5 minute quadrangle.
Gilmore Coal Type Section
This coal was described by Hennen (1909; p. 172-173) as
occurring "On the head of Hamilton Run in the extreme eastern por
tion of Gilmore township, Greene County, Pennsylvania, and 1 mile
north of the West Virginia-Pennsylvania state line, (where) the
writer found 3 inches of coaly shale at the base of the Gilmore
sandstone ...".

The present writer was able to locate, in the

probable proper geographic and stratigraphic location, a zone of
carbonaceous clay about 8 inches thick with a zone of scattered
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limestone nodules present just below the "coal".

A sample (macera

tion no. 371*0 was collected about 100 feet northwest of and about
12 feet above road junction 1 V76 which is located about J,000 feet
north of the West Virginia-Pennsylvania state line and about 7.7000
feet west of west longitude 80°22'30" in Gilmore Township, Greene
County, Pennsylvania, Hundred 7*5 minute quadrangle (northwest
quarter Manning*on 15 minute quadrangle).
Probable Gilmore Coal Section
The probable Gilmore "coal" of this section is h- inches
thick and overlies one foot of limestone.

The "coal" was collected

(maceration no. 3717 ) 850 feet south of north latitude 39 °^5 '00 "
and about 7,000 feet west of west longitude 80°20'30" in Gilmore
Township, Greene County, Pennsylvania, Hundred 7*5 minute quadrangle.
Windy Gap Coal Type Section
West Virginia Geological Survey measured section C and A
252 contains the type section of the Windy Gap coal and was utilized
for locating the sample collections made for the present study.
Section C and A 252 is a composite section from the Windy Gap lime
stone to just below the Nineveh limestone measured down the hill
road from the Windy Gap type locality to the village of Aleppo,
commencing five-eights mile northwest of Windy Gap Church and two
and seven-eights miles east of Big Tree, Aleppo District, Greene
County, Pennsylvania.

The Windy Gap coal occurs 6 feet, 6 inches

above the road junction (elevation 1 ,3 9 1 feet) at 336 feet in the
section.
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The k inch thick Windy Gap coal, better described as a
hard, black, coaly shale, was twice collected for the present
study and assigned maceration nos. 3^95 and. 3675-

Four inches of

dark grey, hackly shale immediately above the Windy Gap "coal"
was collected as maceration no. 3^7^Windy Gap West Section
Eight inches of soft, plastic clay was collected from
about 50 feet above the Windy Gap coal type locality.
was designated maceration no. 3729*

The sample

The location is in Aleppo

Township, Greene County, Pennsylvania on the New Freeport 7*5
minute quadrangle at about 2 ,0 2 0 feet west of west longitude
80 °2 7 '3 0 " and b ^ Z O feet north of north latitude 39 °^7 ’3 0 ”.

Morford East Section
One sample of greenish-grey shale (maceration no. 3730)
was collected from two feet of fossiliferous (ostracodes) shale
about 2,200 feet southwest of Windy Gap West Section.

The expo

sure is a small road cut on the south side of the road, about
3 ,8 0 0 feet west of west longitude 80 °2 7 '3 0 " and 3>^50 feet north

of north latitude 39°l47'30".
KANSAS LOCALITIES
Lawrence Shale Section
NWjr, Section 21, T.12S., R.19E.
Douglas County, Kansas
Sample collected from top of Lawrence shale, Douglas Group,
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Virgilian Stage, 0.2 mile east of Harrison School road on Inter
state Route 70, 2 .9 miles west of West Lawrence exit.

Sample

assigned maceration no. 3701 *
Stull Shale Section
JJW^, Section 19; T.12S., R.19E.
Douglas County, Kansas
A sample (maceration no. 3700) of light grey shale con
taining a few coaly streaks was collected from the Stull shale
member, Kanwaka shale, Shawnee Group, Virgilian Stage, 1.8 miles
west of Harrison School road along Interstate Route 70, about U .9
miles west of West Lawrence exit.
Larsh-Burroak Shale Section
WE£, Section 8, T.12S., R.17E.
Shawnee County, Kansas
One sample (maceration no. 3898 ) of black, pyritic shale
from the Larsh-Burroak shale member, Deer Creek limestone, Shawnee
Group, Virgilian Stage was collected 1-3 miles west of Miliken
road, 2.3 miles west of U. S. Route ^0 overpass on Interstate Route
70.
Calhoun Shale Section
SEj-, Section 9; T.12S., R.17E.
Shawnee County, Kansas
One sample (maceration no. 3^99) of grey shale from the
upper part of the Calhoun shale, Shawnee Group, Virgilian Stage
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was collected O A mile west of Miliken road on Interstate Route JO,
l A miles west of the U. S. Route ^0 overpass.
Nodaway Coal Section
SE^, Section 19, T.12S., R-16e .
Shawnee County, Kansas
One sample of dark grey to black shale (maceration no.
3697 ) was collected from immediately above the Nodaway coal (macera

tion no. 3680 ) of the Aarde shale member, Sacfox Subgroup, Wabaunsee
Group, Virgilian Stage along the Kansas Turnpike.
Silver Lake Shale Section
NE£, Section 31, T.11S., R.15E.
Shawnee County, Kansas
Two shale samples were collected from the Silver Lake
shale, Sacfox Subgroup, Wabaunsee Group, Virgilian Stage, 0-7 mile
west of Interstate Route VfO turnoff on Interstate Route JO.

Macera

tion no. 3895 was collected from a highly micaceous, carbonaceous
shale four to five feet above the level of the drainage ditch along
the road.

Maceration no. 3898 was collected from a light grey,

soft shale just above the drainage ditch.
Pierson Point Shale Section
SW£, Section 29, T.11S., R.A e .
Shawnee County, Kansas
One sample (maceration no. 389 ^) of Pierson Point shale,
basal bed of the Richardson Subgroup, Wabaunsee Group, Virgilian
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Stage was collected along Interstate Route JO at the center of the
south line., SW-^-, Section 29-llS-l^E.

Virgil-Wolfcamp Boundary Section
SE^-, Section 2J , T.11S., R.12E.
Wabaunsee County, Kansas
Two samples were collected from the subject section.
Maceration no. 3^93 was collected from the Towle shale, Admire
Group, Gearyan Stage.

Maceration no. 3^92 was collected from a

thin coal in the Pony Creek shale, Richardson Subgroup, Wabaunsee
Group, Virgilian Stage.

The section is located one mile west of

Maple Hill exit on Interstate Route 70.

West Branch Shale Section
SW^-, Section 27, T.11S., R.11E.
Wabaunsee County, Kansas
One sample (maceration no. 3679)

carbonaceous shale

was collected from the West Branch shale, Admire Group, Gearyan
Stage along Interstate Route 70 at the above location.

333 Mile Marker Section
SE£, Section 27, T.11S., R.11E.
Wabaunsee County, Kansas
One sample of black shale (maceration no. 3 6 9 1 ) was
collected from the Hughes Creek shale member, Foraker limestone,
Council Grove Group, Gearyan Stage along Interstate Route 70, 200
feet west of the 333 mile marker, 1.3 miles west of Snokomo road.
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1-70 Frontage Road Section
Section 25, T.11S., R.8e .
Riley County, Kansas
Two samples were collected from the subject section.
Maceration no. 3689 was collected from the lowermost shale (brown
to black) of the Neva limestone member, Grenola limestone, Council
Grove Group, Gearyan Stage.

Maceration no. 3688 was collected 6

to 8 feet lower in the section from very dark grey shale of the
Salem Point shale member, Grenola limestone.

The samples were

collected along Interstate Route JO, 0-2 mile west of Frontage road
intersection, from a creek bank exposure at a bridge which is
located at the center of the east line, Section 25-11S-8E.
1-70 Deep Creek Section
Section 28, T.11S., R-7E.
Geary County, Kansas
Three samples were collected from the subject section.
The stratigraphically lowest sample collected in this section was
dark grey shale (maceration no. 3687 ) from the Florena shale mem
ber, Beattie limestone. Council Grove Group, Gearyan Stage.

The

sample was collected along Interstate Route JO at Deep Creek
Intersection.
The middle sample from this section is black shale
(maceration no. 3686 ) from within the Eiss limestone member, Bader
limestone, Council Grove Group and was collected from the drainage
ditch along Interstate Route 70 at Deep Creek intersection.
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The uppermost sample (maceration no. 3^85)? grey shale of
the Easley Creek shale, Council Grove Group, was collected from an
exposure above road level at the same intersection.
Eiss Limestone Section
Section 26, T.11S., R.9E.
Wabaunsee County, Kansas
One sample (maceration no. 3^90) of black shale was
collected from within the Eiss limestone, Bader limestone, Council
Grove Group, Gearyan Stage, 1*5 miles west of Wabaunsee road along
Interstate Route JO at an underpass.
Humbolt Creek Section
UW£ Section 17, T.12S., R.7E.
Geary County, Kansas
Three samples were collected from the Blue Rapids shale,
Council Grove Group, Gearyan Stage of the subject section.

Macera

tion no. 3878 was collected from five inches of black shale, two
feet above the base of the ELue Rapids shale and 12 feet above the
bed of Humbolt Creek.

The shale contains numerous fragments of

Heuropteris sp. and Cyclopteris sp.

Maceration no. 3^77 was

collected from one foot of shaly.coal at the identical stratigraphic
position but 100 feet laterally from the collection site of the pre
vious sample.

Maceration no. 3878 represents eight inches of black

shale, occurring 13 feet stratigraphically higher than the above
described samples, and 2-5 feet below the top of the Blue Rapids
shale.
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Havensville Shale Section
Section 3 ^ T.11S., R.6e.
Geary County, Kansas
One sample (maceration no. 368 ^) of grey shale from the
Havensville shale member, Wreford limestone, Chase Group, Gearyan
Stage was collected along Interstate Route JO at the above location.
Wymore Shale Section
HW£, Section 8 , T.12S., R.6E.
Geary County, Kansas
One sample (maceration no. 3883 ) of grey shale was
collected from the Wymore shale member, Matfield shale, Chase Group,
Gearyan Stage along Interstate Route 7 0 , 0-5 mile west of Council
Grove road junction with Interstate Route JO.
I-70 Wellington Shale Section
Section 1, T.13S., R.2E.
Dickinson County, Kansas
One sample of shale (maceration no. 3882 ) was collected
from very near the base of the Wellington formation, Sumner Group,
Cimarronian Stage, along Interstate Route JO at the approximate
center of the south line of Section 1-13S-2E.
Route K-15 Wellington Shale Section
Section 28, T.12S., R.2E.
Dickinson County, Kansas
One sample (maceration no. 3681 ) of shale was collected
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approximately 100 feet above the base of the Wellington formation,
Sumner Group, Cimarronian Stage, 3*8 miles south of the junction
of Kansas Route 18 and Kansas Eoute 15 on Route 15 near center of
south half of Section 28-12S-2E.
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VEREA WYKERT FARM CORE
WEST VIRGINIA GEOLOGICAL SURVEY CORE EO. 185
Location:

On Fairview Ridge on southwest edge of old cemetery on
hilltop marked 1587 feet; Wileyvllle, West Virginia 7-5
minute Quadrangle at 8 ,8 5 0 feet north of north latitude
39 °3 7 '3 0 " and 6 ,0 0 0 feet west of west longitude
80o37'30'\

Elevation top of hole: 1580 feet.
Depth to bedrock: 6.0 feet.
Total depth: 153*75 feet.
Coring crew: John C. Price and John A. Clendening.
Core described by: Douglas Patchen.
Top

Bottom

Thickness

Description
DUMARD GROUP

0.0

6.0

6.0

Missing

6.0

10.0

lr.O

Shale, light brownish green, soft, bro
ken, slightly silty in lower part.
Upper 2 feet, maceration no. 31&b;
barren. Lower 2 feet, maceration
no. 3765 ; barren.

10.0

11*7

1*7

Siltstone, brown, slightly argillaceous,
calcareous, thin bedded.

11-7

lb .6

2.9

Shale, brown and olive green, soft,
smooth, thin bedded, noncalcareous
to slightly calcareous. Carbo
naceous at bottom. Bottom 9 inches,
maceration no. 3785 ; barren.

lk .6

15.0

O.U

Shale, light brown to buff, soft, very
calcareous. Maceration no. 378^-;
barren.

15.0

l6.0

1.0

Limestone, thin bed at top followed by
thin bed of dark gray calcareous
shale. From 15-2-15.^5; dark
brownish gray, argillaceous, weak;
1 5 .U5 -I6 .O light brown, hard, fossiliferous (ostracodes); solution
cavity in lower C.3 foot. Interval
from 1 5 .0 feet to 15*^5 feet,
maceration no. 3786 ; barren.
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^31
Top

Bottom

16.0

19-1

2.2

Mudstone, green, hard, Broken, hacky
surface, upper part calcareous.

19.1

20.3

1*2

Incomplete interval with a thick bed
of green mudstone (as above) in
the middle with soft, weak brown,
calcareous shale above and below.

20.3

21.5

Thickness

1.2

Description

Shale, silty, to argillaceous siltstone,
green and brown, broken, noncalcareous with a few thin cal
careous beds.

21.5

22.7

1.2

Siltstone, brown, argillaceous,
calcareous.

22.7

2 6 .3

3 .6

Sandstone, very light to brownish-gray
very fine-grained, subangular,
argillaceous, calcareous, limonitic.

2 6 .3

2 8 .1

1 .8

Shale, olive-green, soft, calcareous,
with large, oval inclusions of
orange-brown limonitic, laminated
limestone in the top and in the
lower 0.^ foot. Thin beds of interbedded siltstone in the middle.

28.1

30.6

2.5

Sandstone, light gray, weathered light
brown, fine-grained, subangular and
subround, argillaceous, calcareous.
One inch of limestone at base.

30.6

35.3

^-7

Shale, olive-green, calcareous, slightly
silty, laminated. Upper 1 foot,
maceration no. 37^6; barren. Basal
3 inches, maceration no. 3767 ;
yielded a fair number of spores.

3 5 .3

3^-8

1 .3

Missing.

36 .6

38 .I

1.5

Limestone, brownish medium gray, hard,
massive, slightly arenaceous, fossiliferous (ostracodes). Includes a 3
inch, black, shaly zone 5 inches to
8 inches from top. Black, shaly
zone, maceration no. 3768 , yielded a
few identifiable spores.
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1+32

Description

Top

Bottom

Thickness

38.1

39-9

1 -8

Shale, dark gray, calcareous, laminated,
with thin arenaceous laminae near
the bottom. Carbonaceous. Upper
1 0 .5 inches, maceration no. 37 ^9 j
yielded abundant spores. Remainder
of unit, maceration no. 3770;
yielded abundant spores.

39-9

1+0 .1

0 .2

Shale, medium gray, very soft and weak,
slightly calcareous. Maceration
no. 3771 ; barren.

i+o.i

1+1.5

l-^

Limestone, medium gray above, lighter
below; massive, slightly arenaceous
in the upper 10 inches.

1+1 .5

1+1.8

0.3

Shale, medium gray, soft, weak, cal
careous. Maceration no. 3772:
barren.

1+1.8

1+3.2

1.1+

Sandstone, dark gray, fine-grained, sub
round, hard, tight, well cemented,
massive, calcareous, slightly
argillaceous, micaceous, limonitic.
Solution cavity at top.

1+3-2

1+1+.0

0 .8

Shale, medium gray, slightly calcareous
with thin arenaceous, pyritic zones
near the top. Maceration no. 3773;
barren.

i+i+.o

1+5-0

1.0

Limestone and shale, interbedded, irreg
ularly bedded. Entire interval cut
by vertical fracture lined with
hematite and limonite. Thin bedded,
irregular erosional contacts be
tween beds with rounded limestone
pebbles in the shale beds. Macera
tion no. 377k; barren.

1+5.0

1+5-8

0 .8

Limestone, brownish-gray, massive.
Vertical fracture at top lined
with calcite and limonite.

1+5.8

53-1

7-3

Shale, greenish-gray, medium bedded,
calcareous, some soft and broken,
others harder and slightly silty.
Carbonaceous, 51*8-52.0 feet.
Maceration no. 3775.; from 50 feet,
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Top

Bottom

Thickness

Description
7-5 inches to 52-0 feet; barren.

53.1

53-6

0 .5 .

Siltstone, weathered brown and reddishbrown, calcareous, thin bedded,
grades to a very fine sandstone
at the base.

5 3 .6

60.1

6 .5

Sandstone, light brown, very fine to
fine-grained, subrounded, fairly
well sorted, very micaceous,
slightly calcareous. Thin and
medium bedded, even bedded, cross
laminated.

60.1

62.3

2.2

Sandstone, light gray to white, very
fine to fine-grained, fairly well
sorted, subrounded, micaceous,
cleaner and more massive than
above. Thick and medium beds;
thin, faint cross-laminations
near the bottom.

6 2 .3

62.6

0.3

Shale, green and dark gray, soft, fis
sile, carbonaceous (darker shale
only). Maceration no. 3776;
barren.

62.6

66.b

3-8

Shale, gray, thick bedded to thin and
fissile. Slightly calcareous.
Lower 1.2 feet is soft, fissile,
with thin, dark gray, carbonaceous
beds. Lower 1.2 feet, maceration
no. 3777 J barren.

66.b

6 6 .9

0.5

Missing interval, probably soft shale
as above.

6 6 .9

6 9 .6

2 .7

Shale, very calcareous in top 0.3 foot
(shaly limestone), rest calcareous,
medium gray, thin to medium bedded,
with thin beds of very fine grained
sandstone in the lower part.

6 9 .6

7O.I4-

0.8

Siltstone, olive, weathered orange, thin
bedded, slightly calcareous.

70.^

71.1

0 .7

Sandstone, light gray, weathered olive
and orange, very fine-grained, very
micaceous, slightly calcareous,
massive.
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Top

Bottom

Thickness

71-1

72-1

1 .0

Siltstone, olive, weathered orange,
thin bedded, cross laminated
near the bottom. Thin, white,
calcareous laminae and lenses
near bottom.

7 2 .1

7 I .3

2 .2

Sandstone, light brown, very fine
grained, subround, micaceous,
thin bedded, cross-laminated,
with a few thin shale interbeds.

7b.3

7b .8

0 .5

Siltstone, brownish-gray, hard,
slightly calcareous, laminated.

7b . 8

8 0 .9

6 .1

Shale, medium to dary gray, hard and
brittle to fissile at the top,
lower part is soft and weak.
Around 79*0 feet are a few thin
sandstone layers above a clastic
dikelet. A large, rounded lime
stone pebble is below. At 80.25
feet is a thin, golden pyrite
layer in the soft gray shale.
Lowest part is carbonaceous and
soft. (1 .5 feet missing). 7 9 *b
feet to 8 0 .3 feet, maceration no.
3778; barren. Basal 6 inches of
unit, maceration no. 3779 J
yielded abundant palynomorphs.

8 0 .9

8 5 .6

1 .7

Limestone, light gray, irregular
laminae, hard, thin bedded to
thick bedded, with several thin
green and dark gray shale beds
and shaly intervals.

8 5 .6

8 7 .9

2 .3

Shale, green, medium gray, and dark
gray; upper 1-5 feet very soft,
dark gray and weak. Slightly
pyritic. Upper 1.5 feet, macera
tion no. 3780 ; barren.

8 7 .9

90.2

2 .3

Sandstone, greenish-gray at the top to
brown and olive below, very fine
to silty at the top, very fine
below, micaceous. Medium bedded,
laminated. Laminae are dark, ir
regular, and cross-laminated at
bottom. Clastic dikelets cut

Description
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*65
Top

Bottom

Thickness

Description
thin, dark, micaceous, argil
laceous laminae.

9 0 -2

9 2 .7

2.5

Siltstone, medium gray, hard, micaceous,
thin and medium bedded, laminated
and cross-laminated. Thin darker
shaly layers present, one contain
ing a large brown calcareous clay
gall.

92.7

9 5 .0

2.3

Shale, medium gray, hard and platy above,
weak and fissile below. Lower part
is carbonaceous. Bottom 9 inches,
maceration no. 3782 ; abundant spores.

95.0

9 6 .1

1.1

Limestone, light brownish gray; dark,
argillaceous near the top. Lower
part solution cavity, brown tuffa
coating, fossiliferous (ostra
codes). Upper 3 inches, maceration
no. 378 l; fair number of spores.

9 6 .1

9 7 .2

1.1

Shale, greenish and dark gray, upper
part weathered orange, soft, weak.

97.2

9 7 .7

0.5

Limestone, light gray, brownish at top,
greenish below, styolitic at top,
pseudoconglomeratic at bottom.

97-7

9 7 .9

0.2

Shale, medium gray, fairly soft and weak.

97-9

100.5

2.6

Sandstone, greenish gray, very fine
grained to silty, thick bedded,
faintly laminated, calcareous,
with occasional large, rounded,
brown limestone pebbles.

100.5

102.2

1-7

Sandstone, as above but light gray.

102.2

102.3

0.1

Shale, brown to olive, soft, weak; ir
regular lower contact.

102.3

105.2

2-9

Sandstone, light gray, weathered brownish,
very fine grained, calcareous, thick
bedded, with two thin beds of olive
shale at 103-3
103*8 feet.

105.2

105 .5

0-3

Shale, upper two-thirds olive green, hard;
lower one-third medium gray, soft,
weak, slightly calcareous.
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Top
105-5

Bottom
106.5

Thickness

Description

1.0

Sandstone, light gray, very fine to
fine grained, subangular to sub
round, micaceous, calcareous,
medium bedded, laminated.

106-5

1 0 7 .0

0.5

Shale, medium gray, soft, weak, cal
careous. Maceration no. 37833
barren.

1 0 7 .0

1 1 1 .0

k.o

Sandstone, light gray, weathered brown
at the top, fine-grained, sub
angular to subround, micaceous,
calcareous, medium to thick bedded,
laminated, cross-laminated.

1 1 1 .0

1 1 1 .9

0 .9

Shale, dark gray to black, irregularly
laminated, noncalcareous, slightly
carbonaceous, pebbles of sandstone
in the top, thin, pyritic sand
stone lenses in lower part.
Maceration no. 37873 abundant
spores.

111.9

H3-1

1-2

Shale, dark gray, very calcareous,
large pebbles of medium gray,
laminated limestone in bottom.
Maceration no. 3788; barren.

113.1

llh.h

1.3

Shale, greenish-gray, smooth, noncal
careous; thin, silty, pyritic
zones in lower part (0 .2 foot
missing). Maceration no. 37893
barren.

llk.k

1 1 5.5

1 .1

Siltstone, medium to light gray, coarse
to a very fine sandstone at top,
noncalcareous.

1 1 5 .5

1 1 8 .9

3-k

Sandstone, light gray to white,
weathered brown, fine-grained,
micaceous, argillaceous, noncal
careous, irregularly laminated
at top, cross-laminated below,
thin to medium bedded.

1 1 8 .9

• 12 k. 2

5 .3

Sandstone, white, weathered dark brown,
fine-to-medium-grained, round and
subround, micaceous, calcareous,
thick bedded, massive. Coarser
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Top

Bottom

. Thickness

Description

grained at the bottom, hard, well
cemented.
12k.2

124-9

124.9

125.3

0.4

Shale, as above but broken, weak, very
calcareous with limestone pebbles.
Maceration no. 3791; barren.

125-3

126.5

1*2

Shale, to mudstone, dark green, broken,
with large limestone pebbles, cal
careous at top, irregular dark
areas below.

126.5

128.2

1-7

Mudstone, dark green, nonbedded, lumpy,
with many gray pieces of laminated
limestone. Mudstone is calcareous.

1 2 8 .2

128.7

0.5

Siltstone, dark greenish gray, cal
careous, hard, argillaceous.

128.7

129.2

0.5

Mudstone, greenish-gray, with pieces of
limestone.

1 2 9 .2

131.6

2.4

Siltstone, medium gray, with greenishgray argillaceous intervals,
calcareous, hard.

131-6

1 3 5 .3

3*7

Siltstone, light gray, calcareous, lami
nated, less argillaceous material
than above, (arbitrary contact),
middle part cross laminated, grades
downward to very fine grained,
light gray sandstone.

135.3

136.4

1.1

Sandstone, light gray, weathered brown
and green, fine-grained, subrounded,
green areas are argillaceous bands,

0.7

Shale, upper 0.1 foot olive, weathered
orange; thin, wavy, black, carbo
naceous layer below, then thin,
irregular light gray sandstone,
erosional contacts above and below.
Lower 0-5 foot is shale, black to
dark gray with light gray pieces
of limestone. Lower part very cal
careous, thin, conglomeratic zones
of rounded shale and limestone
pebbles. Lower 0.5 foot, maceration
no. 3 7 9 0 ; barren.
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438

Top

Bottom

Thickness

Description
micaceous, calcareous, with, a few
green grains (glauconite?). Sand
stone Becomes white and clay layers
olive, below. Fractured at bottom,
limonitic.

. .

136.4

136.7

0.3

Shale and sandstone, interlaminated,
transition from sand above to shale
below. Sandstone weathered reddishbrown.

136.7

137-9

1-2

Shale, dark gray and greenish gray,
smooth, platy, black carbonaceous
areas. Broken. Maceration no.
3792; barren.

137-9

138.05

138.05

1 3 8 .1 5

138.15

138.35

138.35

0.15

Sandstone, white, fine-to coarse-grained,
subangular, hard, well cemented,
calcareous, micaceous.

0.1

Shale, medium gray, greenish, hard,
silty, calcareous.

0.2

Limestone, light gray, hard, lower part
arenaceous with dark brown, very
small ostracodes. Upper part frac
tured, pyritic.

1 3 8 .8

0.45

Shale,

1 3 8 .8

139-3

0.5

Shale, dark gray to green, broken, non
calcareous. Maceration no. 3794;
barren.

139-3

142.2

2.9

Siltstone, dark green, calcareous, with
pieces of gray limestone.

142.2

143-7

1 .5

Siltstone, dark green as above, and sand
stone, light gray to white, inter
laminated with sandstone increasing
with depth. Small sandstone load
casts in lower part. Calcareous,
micaceous.

143.7

144.25

0.55

Shale, dark gray, and sandstone, white,
interlaminated.

dark gray to black, slightly
carbonaceous. Maceration no. 3793;
barren.
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Top

Bottom

Thickness

Description

lbk .25

HA6 .6

2.35

Shale, dark gray to black, noncal
careous, slightly silty in top
and lowest part. Top 8 .5 inches,
maceration no. 3795 ; barren.
Next lower 9 inches, maceration
no. 3796; barren. Remainder of
unit, maceration no. 3797 j barren.

11*6 .6

1A 8 .5

1 .9

Siltstone, light gray, interlaminated
with white, calcareous, very fine
grained sandstone.

lU8 . 5

150.5

2 .0

Sandstone, white, fine-grained, sub
angular, hard, well cemented,
calcareous, micaceous, cross
laminated, slightly silty at
• bottom.

150.5

151-5

1 -0

Siltstone, light gray, coarse, to a
very fine-grained sandstone,
slightly calcareous, hard, well
cemented, micaceous, irregularly
laminated.

151.5

152.0

0.5

Shale, medium gray, slightly silty,
massive, with interlaminated
light gray siltstone at the
bottom.

1 5 2 .0

1 5 2 .9

0.9

Shale, medium to dark gray, medium
bedded, noncalcareous, with thinsilty intervals. (0 .2 5 feet miss
ing somewhere.) Maceration no.
3798 ; barren.

153-15

153-75

0 .6

Sandstone, light gray, very fine, to
coarse siltstone, hard, well
cemented, slightly calcareous, irregularly laminated.

153-75

Bottom of hole.
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ARLEY REMASTERS FARM CORE
WEST VIRGINIA GEOLOGICAL SURVEY CORE NO. l81f

Location: On Fairview Ridge; Wileyville, West Virginia, 7-5 minute
quadrangle at rj,j80 feet north of north latitude of
3 9 °3 7 '3 0 " and 1 1 ,1 8 5 feet west of west longitude of
80°37'30".
Elevation top of hole: lU62 feet.
Depth to bedrock: 3*8 feet.
Total depth: 17^-9 feet.
Coring crew: John C. Price and John A. Clendening.
Core described by: Douglas Patchen.
Top

Bottom

Thickness

Description
DUMARD GROUP

0.0

3 .6

3-8

Missing.

3 .6

5.0

l.b

Sandstone, light gray, weathered brown,
fine-grained, subround to round,
slightly frosted, fairly well
sorted, argillaceous, slightly
micaceous, noncalcareous, porous,
thin bedded, massive.

5.0

8 .6

3 .6

Claystone, brown, fairly hard, mica
ceous, slightly silty, with softer
intervals; thin, light gray,
weathered brown, cross laminated
sandstone near the bottom.

8 .6

9-b

0.8

Claystone, light brown, thin bedded,
soft. Maceration no. 37^7j barren.

9.4

11.8

2.k

Limestone, purplish-gray, to brown, styolitic, pseudoconglomeratic, argil
laceous with dark gray to black
shaly streaks, fossiliferous
(ostracodes). Maceration no. 37^-8,
1 .5
inch black shaly zone, 9 *5
inches above base of limestone;
yielded a few identifiable spores.

11.8

12.2

O.b

Mudstone, light gray, weathered light
brown, soft, very calcareous.
Maceration no. 37^9; barren.

,
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Top

Bottom

Thickness

Description

12.2

12.8

0.6

Missing, probably as above.

12.8

1 5 -0

2 .2

Claystone, greenish-brown, thin bedded,
micaceous, calcareous, with dark
carbonaceous streaks. Harder and
silty near the bottom.

1 5 -0

18.0

3*0

Sandstone, light gray to white, with
brown weathered beds near the
bottom, very fine-grained, very
micaceous (biotite and muscovite),
calcareous, argillaceous, massive
with thin argillaceous streaks.
Dark brown, well weathered beds
below.

1 8 .0

18 . 7

0.7

Siltstone, brown to greenish-brown,
micaceous, argillaceous, arena
ceous, calcareous.

1 8 .7

19*3

0.6

Mudstone, dark gray, carbonaceous at
top, olive green below, slightly
micaceous. Irregular contacts.
Maceration no. 3751; barren.

19-3

19.7

0.U

Siltstone, greenish brown, hard,
weathered reddish brown, slightly
micaceous.

19.7

21.1

1.!+

Claystone, olive green, broken, lami
nated, slightly fissile at the
bottom, weathers reddish brown.
Slightly calcareous.

21.1

23.2

2.1

Claystone, medium gray, very calcareous
to an argillaceous limestone, soft,
broken.

2 3 .2

2k.k

1.2

Claystone, medium gray, greenish gray
on fresh break, soft, slightly
calcareous; a thin, hard, medium
gray, siltstone bed at the base.

2k.k

2 5 .6

1.2

Claystone, dark gray, calcareous,
harder, with a thin, very dark,
brittle bed on the top, carbo
naceous. Maceration no. 3750;
barren.
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Top

Bottom

Thickness

Description

2 5 .6

25-9

0.3

Claystone, dark green., slightly cal
careous, slightly micaceous,
irregular contact below.

25*9

2 6 .3

0.1

Claystone, olive green, weathers
reddish-brown, fractured, cal
careous, silty. Dark gray,
argillaceous material lines wide
fractures, clear to white calcite
fills the center.

26.3

27-1

0.8

Sandstone, greenish-gray, very fine
grained, subangular, fairly well
sorted, micaceous, argillaceous,
fractured, with medium gray,
silty inclusions.

2 7 .1

27.6

0-5

Sandstone, light gray, very fine
grained, subround, fairly well
sorted, micaceous, pyritic,
argillaceous, weathered greenishbrown in lower half.

27-6

2 9 .9

2 .3

Siltstone and sandstone, thin interbeds, light gray, weathered brown
and olive brown, argillaceous,
very micaceous; dark, irregular
laminations caused by heavy con
centration of large biotite flakes

2 9 .9

31.6

1.7

Shale, medium gray, micaceous, cal
careous; darker, greenish-gray
and noncalcareous at the bottom.

31.6

33-3

1*7

Siltstone, medium gray, argillaceous,
micaceous, calcareous, with thin
light gray sandstone interbeds.
Portions weathered olive brown.

33*3

3^-2

0-9

Shale, medium gray, soft, smooth, cal
careous at the top. Maceration
no* 3752 ; barren.

31.2

35-6

1.1

Shale, dark gray and greenish-gray,
brittle, calcareous in lower part.
Maceration no. 3753I yielded a
fair number of spores.
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1+1+3

Top

Bottom

Thickness

Description

35-6

36-3

0.7

Limestone, light gray to brown, hard,
fossiliferous (ostracodes); con
tains a few very thin, dark,
argillaceous, carbonaceous, breaks.

36.3

36.5

0.2

Shale, light green, soft, smooth.

36.5

3 8 .0

1-5

Limestone, light gray as above, darker
and argillaceous in the upper
0 .2 5 foot.

3 8 .0

^5-1

7-1

Mudstone, green and gray, lumpy, non
bedded, calcareous, with a few
thin limestone beds.

^5-1

1+6 . 2

1.1

Siltstone, light gray, hard, micaceous,
argillaceous.

1+6 . 2

79.0

2.8

Shale, medium gray, blocky, with light
gray, silty, calcareous laminae.
Interbedded dark green, dark gray,
and medium gray in lower part.

1+9.0

79.3

0.3

Sandstone, medium gray to light gray,
very fine-grained, subangular, cal
careous, argillaceous, micaceous,
slightly glauconitic.

1+9 .3

1+9-5

0.2

Shale, medium gray, calcareous, fossiliferous (ostracodes), arenaceous.

1+9 .5

5 0 .1

0.6

Limestone, medium to brownish gray,
hard, with weak shaly breaks.

50.1

57-1

7.0

Shale, medium gray to dark gray, and
greenish-gray, mostly noncalcareous
with a few thin calcareous layers.
Micaceous.

57-1

6 1 .2

5-1

Sandstone, light gray, weathered
reddish-brown in places, massive
with cross-laminations, very fine
to silty, subrounded, argillaceous,
micaceous, calcareous, with thin
interbedded light gray siltstone.

61.2

6 1 .9

0.7

Shale, medium gray, silty, hard, and
siltstone, medium gray, argilla
ceous, in thin gradational beds.
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Top

Bottom

Thickness

Description

6 1 .9

62.8

0.9

Sandstone., medium gray, lower 0-3
foot weathered brown, cross
laminated at top and in lower
half, very fine-grained, argilla
ceous, micaceous; middle part is
silty and very argillaceous.

62.8

6 7 .2

ij-.lj-

Sandstone, brown to reddish brown,
massive with faint laminae,
fractured vertically, fine
grained, subrounded, argilla
ceous, very micaceous, hematitic,
calcareous. Fine to medium
grained in lower part.

6 7 .2

89‘9

2 .7

Shale, medium gray, fairly hard,
slightly silty, slightly mica
ceous. Upper 9 inches, maceration
no. 375 !)-; barren. Remainder of
unit, maceration no. 3755} barren.

6 9 .9

73-1

3.2

Limestone, brown, weathered medium gray,
and dark gray, argillaceous inter
beds. Thick to medium bedded.
Fossiliferous (ostracodes) in brown
limestone beds.

7 3 .I

73*^

0.3

Shale, greenish gray, micaceous, silty.

7 3 .^

7^.1(-

1.0

Sandstone, light to medium gray, very
fine to fine, grains subangular
to subround, micaceous, argilla
ceous, calcareous.

7I4-.3+

8 3 .8

$.b

Shale, medium gray to dark gray, and
greenish gray, thin bedded, hard,
micaceous, silty in lower part,
with thin light gray sandstone
interbedded below 8 3 .0 feet.

8 3 .8

9 6 .1

12.3

Sandstone, light gray to white, weathered
a reddish-brown, thin to thick
bedded, calcareous. Fine to medium
grained, subangular to subround,
micaceous. Large limestone pebbles
in lower part. Lower foot frac
tured.
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Bottom

Thickness

Description

9 6 .1

97.9

1.8

Siltstone, med i u m gray, hard, thin
bedded, argillaceous, micaceous,
slightly pyritic, calcareous,
w i t h thin lenticular zones of
sandstone, as above, near the top.

97.9

9 8 .0

0 .1

Sandstone, light gray, fine to mediumgrained, subangular to subround,
argillaceous, micaceous, c a l 
careous.

9 8 .0

100.3

2.3

Sandstone, light-to medium-gray, v e r y
fine-grained, subangular to s u b 
round, argillaceous, micaceous,
calcareous.
Thin bed d e d and
cross-laminated.

100.3

103.7

3-^

Sandstone, light gray, v e r y f i n e 
grained, subangular t o subround,
argillaceous, micaceous, c a l 
careous.
Thin-to medium-bedded,
cross-laminated.
Thick, dark
laminations created b y h e a v y
concentration of biotite an d
muscovite on bedding planes.

103-7

1 0 6 .0

2 .3

Siltstone, m e d i u m t o dark gray, hard,
micaceous, argillaceous w i t h dark
gray shaly laminae, an d thin,
irregular light gray arenaceous
zones.
At the bottom is a thin,
irregular greenish gray sandstone
zone w i t h dark g ray c lay galls
torn up from thinshale below.
Contact sharp but irregular.

1 0 6 .0

IO6 .9

0 .9

Limestone, dark brownish-gray, hard,
argillaceous, to a calcareous
shale w i t h small rounded green
grains included.

1 0 6.9

1 0 7 .0

0 .1

Limestone, medium gray, hard,
ceous.

1 0 7 .0

108.3

1-3

Shale, dark gray, silty, noncalcareous,
quite hard, grades into sandstone
below.

Top

argilla
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Bottom

Thickness

Description

108.3

IO9 .9

1-6

Sandstone, medium to light gray, very
fine-grained, subangular, argil
laceous, micaceous, slightly
calcareous, thin to medium bedded.

109*9

112.0

2.1

Siltstone and shale, medium and dark
gray, interlaminated, hard,
micaceous.

112.0

117*5

5*5

Sandstone, light gray, fine-grained,
subround, argillaceous, micaceous,
calcareous, thin-bedded. Thin,
wavy, shaly laminae becoming more
abundant with depth.

H 7 .5

119.2

1 .7

Sandstone and shale, interlaminated in
thin beds, transition zone from
sandstone above to dark, gray
shale below.

119.2

12k.3

5*1

Shale, dark gray, hard at the top with
occasional thin sandstone laminae,
becomes weaker with depth, with no
sandstone. Lower part soft and
broken.

Top

12U.3

125.1

0.8

Limestone, medium gray to brownish
gray, hard, dense, slightly
pyritic.

125.1

125.il

0.3

Shale; upper half black, lower half
dark gray and calcareous. Brittle
to fissile. Maceration no.375^J
barren.

1 2 5 .i|

126.2

0.8

Limestone, light gray to brownish gray,
slightly pyritic, hard, dense.

126.2

126.7

0*5

Shale, black grading to dark gray, lower
part grades to limestone. Macera
tion no. 3757 ; yielded a few
identifiable spores.

126.7

130.1

3*^

Limestone, light gray; upper 1.0 foot
contains thin, medium gray shaly
laminae and is pseudoconglomeratic
in several thin zones. Lower part
massive. Large circular inclusions
of pyrite, at 1 3 0 .0 feet, radiate
outward from central point.
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Top

Bottom

Thickness

Description

1 3 0 .1

1 3 0 .6

0.5

Shale, dark gray, soft, calcareous,
grades to limestone, hard,
argillaceous. Maceration no.
3758; barren.

1 3 0 .6

1 3 2 .1

1 .5

Shale, dark green, very soft, weak,
calcareous. Thin (0.1 foot)
bed of weak, dark gray shale at
the bottom. Maceration no. 3759s
barren.

132.1

133-9

1 .8

Limestone, medium to dark brownishgray, very arenaceous, hard,
thick-bedded. Fine and medium
subrounded quartz grains,
occasional green grains.

133-9

13 t. 8

0 .9

Shale, green, calcareous; thin, gray,
irregular bank of limestone near
the base.

13 ^ 8

1 3 6 .8

2 .0

Shale, dark gray, laminated, calcareous.

1 3 6 .8

139.8

3.0

Shale, dark gray, interlaminated with
light gray, very fine-grained
sandstone. Calcareous, with a
zone of brown limestone, pseudoconglomeratic, at the base.

139-8

1^3-3

3-5

Shale, dark gray, fairly hard, platy,
slightly calcareous. Lower 0.8
foot is very dark gray to black,
brittle, nearly fissile. Ir
regular lower contact. Contains
ostracodes. Lower 0.8 foot,
maceration no. 37 ^0 ; barren.

1^3-3

1 W .5

1 .2

Siltstone, and very fine-grained sand
stone, light greenish gray,
inter-laminated with medium gray
shale. At the top are a few
rounded pebbles of brown limestone
just below the shale above.

lMr-5

1U5.3

0.8

Shale, medium gray and green; weak, thin
sandstone bed near the bottom, gra
dational contact with sandstone
belcw.
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Top

Bottom

Thickness

1^5-3

148.1)-

3 .1

Sandstone, light gray, w e a t h e r e d light
B rown t o reddish brown, thin to
m e d i u m bedded w i t h abundant shaly
laminae.
Broken and fractured.
Fine-grained, subangular a n d
subround, calcareous.

148.4

1 56 .5

8 .1

Siltstone a n d sandstone, v e r y fine, an d
shale, interlaminated, light and
m e d i u m gray.
Shale becomes darker
gray a n d more abundant w i t h depth.
Some sandstone is cross-laminated.

156.5

1 5 7 .1

0 .6

Sandstone, m e d i u m gray, v e r y fine to
silty, massive, thick bed.

157-1

1 5 8 .2

1 .1

Sandstone, light gray, an d shale, dark
gray, thin-bedded, interbedded.

1 5 8 .2

1 5 9 .8

1 .6

Shale, medium and dark gray, darker with
depth. Lower 0.3 foot, black, fos
siliferous (ostracodes), laminated,
hard, brittle, pyritic, calcareous.
Upper 1.3 feet, maceration no. 3762
yielded a few identifiable spores.
Lower 0-3 foot, maceration no. 376l
yielded a few identifiable spores.

159-8

162.6

2.8

Limestone, W i n d y Gap, brownish gray,
slightly pyritic, laminated at
top, massive in center, lumpy,
irregular bedding at bottom.
Between the limestone and black
shale above is a t hin (0.1 foot)
zone of calcareous sandstone
w i t h large limestone galls, v e r y
pyritic, forming a thin golden
b and along the w a v y contact w i t h
the shale.
Small black chert
nodule at 162.5 feet.

1 6 2 .6

1 6 6 .3

3 .7

Shale, green, irregularly bedded w i t h
wh i t e mottled limestone areas an d
brown limestone pebbles.
Thin,
dark gray band at the bottom.

1 6 6 .3

1 7 0.5

4 .2

Sandstone, medium gray, v ery fine to
silty, subangular, argillaceous,
micaceous, calcareous, w i t h shale,

Description
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Top

Bottom

Thickness

Description
dark gray, interlaminated and
increasing with depth.

170-5

171.1

0.6

Shale, dark gray and greenish gray,
smooth, platy. Maceration no.
3763; barren-

171.1

17^.9

3*8

Sandstone, light gray, weathered
brown, fine-grained, subangular
to subround, argillaceous,
micaceous, calcareous, medium
bedded with thin, irregular
shaly laminae.

ljk .9

Bottom of hole.
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ABSTRACT

The primary purpose of the present study has been to estab
lish palynological evidence on the geological age of the Dunkard
strata, a subject of debate for at least 90 years.

During this

time the popular inclination has been to accept the age as Permian
without serious question.

The present study of fossil spores and

pollen substantiates an Upper Pennsylvanian rather than a Permian
age for the entire sequence of strata called the Dunkard Group.
Samples were collected from the Virgilian, Gearyan and
basal Cimarronian Stages of Kansas for direct comparison of paly
nological data.

These data permit correlation of the youngest

Dunkard to no strata in Kansas younger than Virgilian.
All Bunkardian strata up to and including the Nineveh
coal horizon, Greene formation are assigned to the Stephanian B.
The Stephanian B-C boundary is placed within the 300 feet thick
interval between the Nineveh coal and the Windy Gap limestone.
The Council Grove Group and the Havensville shale of the
Chase Group (both Gearyan Stage) of Kansas are removed from the
Permian and assigned to the Stephanian C, Pennsylvanian.
The recognition of Callipteris conferta and Pseudoschwagerina as infallible indicators of Permian time are both rejected as
untenable concepts.

The infallibility of Neuropteris ovata as an

index to the Westphalian D is also rejected.
The Wymore shale, Chase Group, has a definite Permian
aspect if the explosive evolutionary outburst of disaccate pollen
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is taken as the fundamental difference between the Pennsylvanian
and Permian.

However, the "Vittatina zone" recognized in eastern

Canada as basal Permian is not recognizable in the present study
until the base of the Wellington shale (Cimarronian Stage) is
reached.
It is suggested that the base of the Wellington shale,
a recognized fusulinid and lithologic boundary and apparently a
palynological boundary, seems the most logical stratigraphic loca
tion for the Pennsylvanian-Permian boundary.
The Jollytown coal has been restored to its original
position below the Upper Washington limestone.

Approximately 150

feet of uppermost Dunkard is described for the first time.
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